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Introduction

"Suppose you and I argue.
If you win:and I lose,
are you indeed right and
I wrong? And if I win
. and you lose, am T right
and you wrong? Are we
both partly right and partly
wrong? Are we both all
right or both all wrong?
If you and I cannot see
the truth, other people will
find it even harder!" '
Chuang Tsu
L (Inner Chapters)
' (4th Century, B.C.)

So much argument, indecision, and. thrashxng about in educatioa goes on
unimpeded hy knowledge of research! No doubt this is true in part because
teachers and other practitioners rarely have time to ferret out studies
which, taken together, might form a basis for action or provide clues

to the solution of practical problems.

'This modest effort, Volume 2 of What Research Says to the Science
Teacher, attempts to meet csome of the clear need for dissemination of
Tesearch findings, by presz2ating interpretations of the literature focused
on six topics. of concern to science teachers: grading and evaluation,
interaction of science and mathematics instruction, effectiveness of
field trips, teaching science to the handicapped, research on learning,
and projected effects of computers on science teaching. Sometimes these
analyses confirm prevailing beliefs.about what consecitute desirable
practices; fairly often, however, they challenge favored conceptions and
practices. Every chapter identlfles immediate practical consequences
of research, and pOLnts out-as well where there is meed for additional
investlgatlon : :

v : :
The two volumes of this series are part of an effort by the
National Science Teachers Association and the ERIC Information Analysis

*Titles and authors in Volume 1 are: '"Science: A Basic for Language
and Reading Development' by Ruth T. Wellman; "Analyzing the Questioning
Behaviors of Science Teachers' by Glenn McGlathery; 'How Teaching
Strategies Affect Stvdents: Implications for Teaching Science' by James
A. Shymansky; "Relating Student Feelings to Achievement in Sc1ence” b/

Ronald D. Simpson; '"Tne Role of the Laboratory in Secondary School *
Science Programs' by Gary C. Bates: and "Learning Science from Planned
Experiences" by Fletcher G. Watson. Available for $3.50 from the.
National Science Teachers Association (Stock No. 471-14734).

¢
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Center for Science, Mathematics, and Environmental Education to create
a common frame of reference and language for teachers and research
practitioners. They make tangible our belief' that research has a
valuable contribution to make to science educatlon.

In the first’ chapter, James T. Robinson provides ‘a practical frame-
work for thinking about evaluation, testing, grading, and issues related
to accountability. He insists we pay attention to what we are accom-
plishing when we dole”out grades, give tests, and make evaluative
statements about students; he insists, too, ‘that we be aware of the
subjective nature of our decisions. Why is it that physics and chemistry
teachers grade so hard compared to.other. teachers, even mathematics
teachers? What do tests tell us about what has been learnec by students?
These are among the important questions he asks us to consider.

o

In Volume 1, Ruth Wellman showed how science can'be, a means for
developing general language and logic skills of younger students. In
this volume, Sandra R. Kren asks whether science can contribute to the
improvement of students' mathematical performance (and vice versa!).
.Should we integrate or at least coordinate science and mathematics
*lnstructlonV Kren suggests. that while science may well contribute to
“better understanding of mathematics, -educators do not. yet know how to
join up the two disciplines most effectively. Careful analysis and
systematic 1nvest1gatlon would help.

"Field trips- can be a 1ot of tiouble. Are they worth it? Just what
do students get from them? How should they be structured? In Chapter 3,
John J. Koran, Jr. and S. Dennis Baker provide an analytic framework ‘
within which to consider field trips.  Their conclusions may prove
controversial, for they find little -evidence that field excursions can be
justified in terms of time, cost, and difficulty for most educational
objectives. To be effective, the desired outccmes of such experiences
must be.carefully chosen and analyzed, they suggest. What they need
now and invite from science teachers is research that evaluates their
recommendations. '

Research on learning has gone on under the direction of several
‘theoretical perspectives, one of whicli is examined for its usefuliness
by Joseph D. Novak in Chapter 4. Specifically, he examines the difference
between meaningful and rote learning, and the role of advance organizers
in promoting meaningful learning. Teachers determine what students learn
by the kinds of questions they ask and the replies they make. If, for
example, a student asserted that "in dry weather plants.close their stomata
in order to save water," a teacher's response could focus on content
(i.e., structure of stoma*a), on methodology of science:(i.e., . .evidence
for the existence of stowata) or on philosophy of science (if the
teacher focused on what the phrase "in order to'" means). . Most. teachers,

k)

- researchers JungwlirthTand Dreyfus obseérve, stick to the content level
of response. But this need not be so.. Novak provides a rational basis
by which'tegchers can come to counscious decisions about the focus of learting.

ii



Handicapped youth now are entitled by law to learn science and to.
‘participate in our culture as fully as possible. But while many
professional societies have taken positive steps toward providing wider
opportunities for the handlcapped there are science teachers who remain
fearful about having physically impaired youngsters in their classes and
laboratories. They do not know what the students can do,’ they do not
know how’ bést to teach them, and they do not know how to safeguard these
young people. Ia Lhapter 5, Dean R. Brown reviews the scant research
and reports what is known about teaching science to the visually impaired,
the hearing impaired, and the orthopedicslly impairved. ' It appears that
expusure. to science-as early as possible may be especially helpful to
these students since it provides a particularly powerful means of
encouraging development of both zxploratory skills and language. Brown
tells us what*has been learned and what must still be investigated.

At least until now, the United States has been the prlnclpal
disseminator of what Zbigniew Brzezinski® has called the Technetronic
Revolution--a new age in which technology and electronics beccme the
principal determinants of change.. As the first ratlon to move into
this new era, we have “een the first to feel its impact. 1In some sense
we have been "both a social pioneer aznd a guinea pig for mankind."
Think what it means to be =~ science teacher in the technetronic age!

In the final chapter, Karl Zina's paper on computers gives us a
beginning iusight into what is comi . He begins by alerting us to the
fact that earlier resedvch on computer- enhanced learning is of little
value because technology has changed so fast. Soon video discs and
wicroprocessors will be avaiable at prices schools can easily afford.

How may thzy enhance learning? What new intellectual skills will students
need in order to use the new technologies? How will the teacher's role
change? (It i interesting that the October 1978 issue of The Physics
Teacher was devoted entirely to computer applications in teaching.)

Reviewing and interpreting .research is hard and frequently
frustrating work. I congratulate these authors for their efforts. Thanks
are due, too, to NSTA for sponsoring the effort, to NSTA editor
Rosemary Amidei for her patience and perslstence, and to ERIC for its
"wholehearted support of the project.

Mary Budd Rowe . Program Director, On leave from, Institute for

Research in Sc.ence Education, Development of Human Resources,
Division of Science Education;, - . ' University of Florida,
National Science Foundation, , Gainesville, FL 32611

Washington, DC 20016 .

o

_ *petween Two Ages: America's Role in the Technmetronic Era,by
_Zbigniew Brzezinski, The Viking Press. 1970; (Penguin Books 1978.)
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A Word on ERIC

o

ERIC, "an acronym for the Educational Resources Information Center, is
a nationwide information system designed and supported by the Nat10na1
Institute of Education (NIE). ERIC is composed of a nationwide information

" network for acquiring, selecting, abstfacting, indexing, storing,

retrieving and disseminating the mcst significant and timely education-
related reports.. It consists of a coordinating staff in Washingtom, D.C.,
and 16 clearinghouses located at universities or with professional
organizations across the country. These clearinghouses, each responsible
for a particular educat10na1 area, are an’ 1ntegra1 part of the ERIC
system, . : , e

Each clearinghouse provides information which is published in two
reference publications, Resources in Education (RIE) and Current Index .

" to Journals in Education (CIJE). ‘These monthly publications provide

access to innovative programs and significant «efforts in educatlon,
both current and h1stor1ca1 :

> . In addition, each clearinghouse works closely and cooperatively with
professional organizations in its educational area to produce materials
considered to be of value to educat10na1 practitioners.

Clearinghouses of the Educational Resources Information
Center (ERIC) are charged with both information gathering and information
dissemination. As Rowe suggests in her introduction to this publication,
there is a need for teachers both to become.more aware of relevant research

‘and to participate in research activities. Awareness must precede actiom:
In an .attempt.:to.-hélp teachers develop this—-awareness of-research-in- — - - ——iv.

science education and of how research can be used to improve teaching-
learning, the ERIC Clearinghouse for Science, Mathematics and Environ-
mental Educatioun has commissioned this publication focused on someé areas

of 'science education research and the implications for classroom practices. .

. The ERIC Clearinghouse for Science, Mathematics and Environmental
Education has worked cooperatively with the National Science Teachers
Association (NSTA) on this publication. NSTA selected both the editor
for the publlcatlon and authors- for the various sections. It is hoped
that the publlcatlon will stimulate classroom teachers to become interested,

and 1nvolved 1n research ) ' : /

Patricia E. Blosser !

Faculty Research Assoc1ate Science Education

Stanley L. Helgeson / §

Associate D1rector /Sc1ence Education _ N
ERIC Clearlnghouoe for. Sc1ence, Mathematics ,

i

and Env1ronmenta1 Educatlon, J
1200 Chambers Road Columbus, 0?10 43212

f L e -
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A Critical L_ook at Grading
and-Evaluation Practices
2 ‘ - By-

James T. Robifson
Staff Associate o

o _ Blologlcal Sciences Curriculum Study
.Boulder, CO 80306 -
> and '

Adjunct Professor of Education
University of' Colorado

Although everyone suspects the reliability of grades and evaluation at
one time or another, it is commonplace to hear youngsters described as
A" students or "C" students--as though these statements carried the

same'degreg of certainty and "truth' as descriptions of youngsters as
brown-eyed or freckled.

Parts of this paper were adapted from previous wcrk by this writer,
"Evaluation Strategies." 1In William V. Mayer, editor, Biology Teacher's

: Handbook! Third Edition, 1978, by. perm1551on of John Wlley and Sons, and

the’ Blologlcal Sciences Currlculum Study.

¢



_This paper reviews selected research related to instructional
testing, evaluation, and grading. Statistical and psychometric aspects
of instructional testlng are only briefly considered. Publications
providing information about test development and statistical analyses-
are referenced for those who wish to pursue these problems.

The need for a much more comprehensive review of research for
classroom teachers will be apparent, for the issues are complex.

'H0wever,01t seems clear from the research that teachers educators,

‘influence; when grades are gone, motivation is gone.

students and parents confer more value upon grades and evaluation than
is warranted

This belief in a high truth—value inherent in tests and grades has

" been recently carried to its ultimate extreme in Florida, where a passing

score of 70 percent on an '"accountability' testing of high school students
was set because '"'the vast majority of schools in Florida regard 70 percent
as passing." (23) ' Knowledge about the items on the fest was not seen as
relevant to sett1ng the criterion of pass or fail.

‘There is another aspect of the problem. Science teachers report that
many science-oriented and/or academic achievement-oriented students are
actually motivated by grades. (43) That is, for a large proportion of
this group, motivation seems directed t0ward getting high grades;
learning, becoming knowledgeable, is incidental. For another large group
of students, grades' do not seem to have any motivational effects.

Without grades, science teachers report that they have no motivational

e . o . \

Evaluation and Grading . - : ‘ SN

‘Evaluation, as used in this paper, refers to all the informal and formal

methods that teachers use to measure, estimate, and form judgments about
student learning. Evaluation includes teacher memory of. student actions

in class, on homework assignments, and in the laboratory (or other.science
activities). It also includes written work, laboratory reports, note:-
books, quizzes, and: tests. E )

Grades are the letter, numerical, or descriptive summaries of
student achievement and/or effort that indicate student progress in a
particular class for a particular time period.

o

In this paper, evaluation and grading will be discussed in separate

sections, even though they are inextricably interrelated in practice.

3
.

EVALUATION

uithough-evaluation—is;a—maﬂor-coneern—in—the—research—literature, - 5
teachers tend to reduce this much broader subject to tests and grades. :
Af er reviewing the literature, I take the position that the weak-



-

nesses and limitdTions of tests, whether norm-referenced, criterion-
~referenced, or otherwise designated, make it advisable for science
teachers?to use a variety of informal and formal.data sources rather
.than to rely primarily on tests and quizzes. for naklng evaluation
Judgments. (31) - , ) -
" What purposes can evaluatlon serve7 Robinson (40) proposed that -
evaluatlon should serve four major purposes (with providing information
for determining student grades only one of these). These purposes are:
course improvement, accountability, student development, and determining
student grades (see Figure 1). It is important that each teacher examine
carefully his or her own purposes for evaluation.

Figure 1. A conceptualization of the interrelations of the complex
of factors in classroom evaluation. (Dotted lines indicate feedback.)

rWha: charactenistics of
science as a way-of knowing,
its values and imitations, its
relations with and impact on
socrety—Ilocally, nationally,

[what are the interests.
needs, motivations, and
developmental levels of the
students for whom the
science INstruction or course

What societal expectations,
“standards.” as proposed by
the school, the community,
the state. and professional
groups—educational.

and internationally-—are 15 designed? scientific--are 10 be
appropriate? i A constdered?
. A ro. e
( P
! 1 P
1 i _ -~ :
|
‘ | Wha major objectives
! are most appropriate for
: this class?
i
- Fwere the . ST -
/ major oblf'cllves ‘
appropri
e npropriate What matenials and 2 -
. How should : methods are most .
. the course ) appropriate for
be dlwred? enabling students
L e e — . to achieve the
4 < - ) iroposed objectives?
L
Wcre the mmwmls and What are the
methods appropnate for mstructhional objectives
the students enrolled? for sub-divisions of
\ the course?
—_— e l
What data inform \ What data gathening What data
the teacher about processes and for student
the quahty of nstruments will i grades?
Irhe course? 3 enable students to
by demonstrate therr | Py
: attainment of '
me ob;ecnvvs?
b 1 N
% i What interpretations

—ean-be-displayed-simply
' and clearly togneet the
y'need for public
Yaccountatihity?

3




.
LN

The conceptualization of evaluation shown in Figure 1 is an
attempt to interrelate the purposes of evaluation into a coherent web
of activities. Course evaluation is a simplified term that ineludes
evaluation, K-12, of instruction in self-contained classrooms as well
as science courses. Evaluation data can be used effectively.for course
improvement, especially when both teacher and students work together to -
use these data for this purpose.

Accountability is based on the assumption that the publié is cdpable
of understanding the processes of schooling, provided that they are
given straightforward information in an unadorned manner. (21) Account-
ability includes publicly specifiedjgoals and objectives for an educational

_program, data and -judgments relevant td progress in meeting these goals
.and objectives, sharing of the results of these data and judgments

with those interested in the program, and, using these data and Judgments
for course improvements. ¢

Student development refers ‘to canitive physical, psycho-social,
and ethical or moral development of  students. This purpose.of evaiuation

"includes diagnostic procedures and program adaptations to meet irdividual

differences among students. Not -all of these components have been of
concern to science teachers in the past, but as greater emphasis is given
to science-society issues and as the accumulating knowledge about develop-
ment becomes known and integrated into science:instruction, more atten-
tion may be given to this purpose.

‘

.

Finally, and most commonly, some elements: of the evaluation function

in classrooms are utilized to make simplified judgments about students

a grade 1is assigned to each student, ‘sometimes on individual work and at
summary periods. . . , o X

These ‘four purposes of evaluation are: interwoveniin practice. U
However, evaluation is frequently simplified to accomplish only ‘the latter
purpose, although the research presented here supports the multi-
purpose approach.. - ) e e

»

%::: ' - : o ' '
. THE CONTEXT FOR EVALUATION : ,

. v

. B :
Like instruction, evaluation takes place in some definite’ context, aspects.
of which are identified in the three top boxes of Figure 1. Though it is
not poss1b1e to-treat these areas--the nature of science, societal
exp;ctations and student characteristics-~in detail a brief discussion
of critical “issues is important. ¢ S 2 ’

The Nature of Science -

'At Issue heére is the impliCit or explicit philosophy of science that

each ‘teacher holds. One kind of science teaching is grounded in a -
philosophy that characterizes science as factual ‘knowledge. It not only

-



presents concepts, principles, and theories as facts, but it generally
ignores the processes by which scientific knowledge is developed. This
knowledge represents the real world "out there" by means of a spaecial
scientific language. Although this point of view has no supporting
literature (except that implicit in many science texts), recent research
by Stake et al. found this view to predomingte in science classrooms. (43)

» An alternative philosophy--one pervasive in the literature of science,
philosophy of science, and science edugation--characterizesscience as
both knowledge and processes constructed by human beings to explain
the natural world. Explanations developed are not immutable, but are
subject to change. These explanations-~-sometimes called products--are

"fully understood when the processes by which they were constructed and

verified are also understood. In short, scientific knowledge is not
independent products and processes, it is both, inseparably intertwined.
(See reference 39 for a summary of research on this topic.) Scientific
explanations contain concepts, laws, principles, and theories at different
distances, or levels of abstraction, from physical objects. The name of

a physical object, cat, for example, is closer to the object cat than to
the taxonomic concept mammal, in which cats may be grouped. So, too, the
concept of force as a push or pull is closer to physical objects .than is
the concept of force, F=ma. 1/

A concomitant part of this philosophy is the recognition that science
is not value-free. Scientific explanations are rooted in values such as
freedom of inquiry and publlc verification of new knowledge by those
properly .trained. Obviously, the context for evaluation will be different
depending on the philosophic stance of the teacher.

Soc1etal Expectatlons ’

Teachers are continually confronted with the tension between societal
expectaions of what children and adolescents should learn and be like.
in particular grade levels and courses on the one hand, and the fact
of individual differences on the other. These differences accrue as
manltestatlons of different rates of physical maturation; of cognition,
psychomotor, and psychosocial development and of student subcultural
and socioeconomic backgrounds.

The reality of student variability--their different needs and
concerns 2/--may lead the teacher to differentiate instruction in order

1/ Science teachers will find Thomas Kuhn's The Structure of -
Scientific Revolutions a useful acccunt of this point of view of science.

(The University of Chicago Press, Chicago, Ill., 1962 )

2/ This statement is not intended to imply that students are
necessarily aware of their needs and concerns. i



to attempt to enable each student to find meaning in what is to be

learned and how it is evaluated. Against this tendency are societal
expectations, currently epitomized by the accountability movement, in
which, as 0'Brian has characterized it, children are to be considered as
"Chevrolets,'" cach coming off the grade -level assembly line looking like
the other. (34) This viewpoint may be encouraged by single text adoptions,
standardized testing, competency-based education, criterion-referenced
testing, minimal competence for promotions or graduation, and the like.

Thevethical and technical problems of establishing such competency
__standards_have been_thoroughly discussed by Glass. (22) His analysis
shows that there is no reliable way 'to set performance standards. '"In
its contemporary forms, it fsettlng performance standardéj is unbridled
arbltrarlness masqueradlng as science.'" (22, p.52) :

Brickell (11) and Glass (22) offer the science teacher suggestions
for clarifying the problems associated with a formalized minimum compe-
tence framework. A critical problem is how the "minimum competency level”
is established. 1In all of the literature reviewed by this writer, this
decision became, in the final analysis, arbitrary. Is setting a cut—off
score at 90°percent (or at 10 percent) defensible? On what grounds?

Determining standards is unalterably connected to how competency is
measured. Much more will be said about this issue in the section on
testing. But certain issues need to be deliberated in detail, including:
how to measure, when to measure, determining whether minimum performance
is to apply to schools or to individuals, and, most critically, what is to
be done about. those students who don't reach minimum standards.

Student Characteristics

The quest for uniformity, for standards, and for certainty clashes head
on with the variability and unpredictability of students. When students
don't meet the same standards, their differential performance is usually
explained on the basis of intelligence (in terms of IQ), motivatién,
family background, social class, and prior education.. Psychological
testing, for both achievement and intelligence, has recently come under
considerable criticism. (8, 25) All of these issues cannot be addressed
here, but one facet of the problem that relates to evaluatlon and grades
needs careful consideration by science teachers--namely, one' s conception
‘of lntelllgence. :

Two research traditions describing human development have emerged
in the twentieth century. The dominant tradition has supported a belief
that human intelligence is essentially predetermined. Intelligence is
thought of as a trait that stabilizes in childhood and remains essen--
.tially fixed and constant throughout life. This conceptidén of intelligence
is quite contrary to that held by Binet, the creator of scales for
assessing intelligence. As Hunt points out, "...despite his (Binet's)
own belief in the plasticity of intelligence, it was Galton's bellef in

(Y
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intelligence-fixed-by-heredity that prevailed when Henry Goddard
introduced the Binet tests to America, and when Frederick Kuhlmann and
Louis M. Terman developed the earliest norms for them in American
children." (27, p.337) ‘

This fixed view of human intelligence has obscured attention to the
development of children and adolescents. Intelligence has been reified
into a property of individuals. 1Its predictive power in terms of schooling
cannot be denied, but prediction is not explanation. Prediction, too,
is limited, for as Wallach found in his extensive research, tests lack
utility in predicting out-of-school performance. (48)

When a parent or teacher explains the success of Henry and Sally

by their high IQ's of 135, and the failure of George and Betsy by their
lower IQ's of 90, the jump from prediction to éxplanation has been made.

If this leap is accepted, then the role of the school is reduced to
sorting. And if a student's achievement is essentially predetermined,

the only problem remaining is to "motivate!" that student to use his

or her "native endowment." : There can be no role for education in enhancing
the development of intelligence. '

The fixed-intelligence conception is being seriously challenged by the
much more fruitful view that intelligence develops through the inter-
action of the human organism and the environment. This interactionist.:

. conception is supported by several lines of evidence--most prominently,

the work of Jean Piaget and his colleagues at the University of Geneva.
Piaget's theory itself cannot be described here, 3/ but several issues.
bearing on evaluation need to be presented. IQ is measured by paper-and-
pencil tests, and results in scores that are normally distributed; Piaget,
however, measures intelligence by presenting youngsters with physical ]
tasks and asking them for explanations .and interpretations. The reasoning
supplied by the youngster then enables the examiner to determine the mental -
operations being performed by the youngster. .°

Piaget has found that thinking (described as 'preoperational,"
‘*oncrete operational,'" or "formal operational') is developed, not innate. .
By the time students reach secondéry school, they can begin to develop the
highest level:formal operations. - But this does not imply that they have:
achieved this level of thinking. For example, the logical processes"
required to isolate variables, a formal operation in Piaget's terms, are
developed through opportunities to perform this operation in:actual
situations--simple situations at first, and then slowly more complex ones.

>

g/'Readers are referred ;b the following works: J. Piaget, To Under-
stand is to Invent, The Future of Education, -Grossman, New York, N.Y.,.1973.
H. Ginsburg, and S. Opper, Piaget's Theory of Intellectual Development, An
Introduction, Prentice-Hall, Englewood Cliffs, N.J., 1969.; and H.G. Furth,
Piaget for Teachers, Prentice-Hall, Englewood Cliffs, N.J., 1970.

7
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The ability to isolate variables is not developed by laboratory
exercises when the variable is already isolated, nor when it is simply
to be memorized. :

Similarly, serial ordering, necessary for understanding the
principles involved in biological classificurion, is developed through
experiences enabling students to serial order on the basis of criteria,
not by memorizing the phylogenetic tree.

Another characteristic of Piaget's conception of the growth of
intelligence is his discovery that thinking differs qualitatively from
childhood to adolescence and adulthood. This qualitative difference is
loosely age dependent, but the ages at which individuals develop new
-levels of cognitive capabllltles in different content areas lS quite
variable. '

If one believes that study of science can make an important contri-

. bution to the growth of intelligence, then this implies these kinds of

teacher actions: (1) providiug laboratory and field experiences which
require the student to be active in getting and interpreting information;
(2) engaging in conversations and discussions in which student thinking
can be brought int: -* = open; (3) presenting accounts of the way scientists
at different pointe . history have reasoned about the same or ‘similar
events; (4) providing more topics for discussion and study that can be
approached phenomenologically; and (5) monltorlng changes in and develop-
ment of student meanings as a result of accumulatlng experiences and
conflnued dlSCuSSlOnS. e

4 The major purpose of dlSCuSSlng the lntellectual development, Heeds,
and concerns of students here is to consider possible implications for
evaluation and grading. I suggest that evaluation and grading practices
may need to be different at different developmental levels and for différent
approaches or methodologies of teaching and learning.

<

There is some evidence from empirical studies to suggest that knowledge
is limited to the purposes for which it was acquired.. (5) Citing nine
studies, Anderson, Spiro, and Montague concluded that different means of
instruction or experience are not interchangeable in so far as the way the
information functions, (5, p.69) - For example, if information was learned for
recall, it was found to have limited usefulness for problem solving. '
Similarly, it was found that when students read texts for the purpose of
.answering specific questions, they became less able to answer other questions
that logically followed--that is, learning is apparently fairly task specific.
(5, p.68) Thus, when teachers expect students to use previously learned
- knowledge for new and different purposes, they may find themselves wonderlng

whether students ever learned that knowledge in the first place.

This research raises even more ser10us»prob1ems for testing: ‘and
‘grading. If, for example, all tests used by a teacher are multiple- ch01ce
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and tests are the major determinants of grades, then students may

learn to do well on tests and get 'good grades.'" But social expecta-
tions may be different; employers may not present students with four.

or five choices and allow them to recognize -the best answer. On the
“job, students may even be required to decide what kinds of problems they
must solve.

Evaluation: A Point of View

From the research cited, and ‘additional studies to be presented, I have
evolved a particular point of view on evaluation and grading. This
point of view is pervasive in what follows and leads to the assumptions
on which thevsuggestions for evaluation and grading'are based:

1. -A varlety of evaluation_techniques, instruments, and procedures
are necessary to understand and dlsplay what each student has 1earned :

2. Materials and processes of evaluation are to be so developed
.and utilized that they are integral to, not ‘apart from, the other learning -
" processes in 'a course. : ‘ : '

3. Evaluation procedures are most effective when students and
teachers work together in their development and implementation. Evaluation
should provide students and teachers with opportunities to summarize
and interpret what they lLave accompllshed It should:not be restricted’
to securing data for gradlng.'

. .

4. Plannlng, judging, and revising materials and procedures for
evaluation is most effectively accomplished when students and’ teachers
work together to improve their quality. . : :

5. Quality of thinking, development of competencies in criticism
and evaluation, and reflection upon and integration of learning will take
prlorlty over moving on to new subJect areas whenever these alternatives
are in'.contention for class time.

ASSESSING STUDENT DEVELOPMENT .

This section will present a varlety of technlques from which to choose
in developing a program for evaluation. Not all the techniques will be
appropriate to a particular science program. Choice will depend on
course obJectlves, school obJectlves, and student needs and interests.
The most critical factor in a successful evaluation program is that
all parties understand and participate in the process before assessment
is completed. A system in which students and teacher select, and plan

a testing and evaluatlon program, try it out, evaluate it, and revise it,
is one effective way to ensure that students w111 understand and accept
both testing and evaluation. This proposed systei recognizes a variety



‘obtained. ‘ _ ' N

of inputs over a time period, incorporating feedback into the system to
produce t¢hanges in instruction as they are needed. Such a system cannot
be developed in a vacuum. The course goals and objectives and what
students do in a course are the anchor points. However, changes in the
evaluation system will feed back into the goals and objectives, sh1ft1ng
their relative importance, and, in some situations, will result in
adding and deleting objectives during the year (see Figure 1),

Evaluation programs can vary from comp] etel/ individualized (each

. individual selecting or formulating personal goals, with related

assessment .programs) to those that prescribe uniform obJedtlves for all
students. , :

"‘First, achievement testing;' The p01nt of view expressed above
placed achlevement testlng 1mp11c1tly within evaluation and expl1c1tly
focused on the student. This point of 'view contrasts with the findings
of Stake, et al. (43, p.15:13): '"When teachérs talked about tests it-was
in terms of their concerns: Are students attending to my lessons? Are
students learning as well as we expect them to learn? Does my teaching.
match the expectat10n§7for teachers in this school and community? -Will
community and parents Vview my questions as fair and impartial?" These
are difficult problems for classr00m testing to help resolve, especially’

by the teacher with little ‘statistical analys1s of results. .In this

‘circumstance, there is no way in which, for example, "a miltiple-choice

test can be cons1dered obJectlve--desplte the fact that it is possible
to.objectively score such-a test. ‘Additionally, there is always an
interaction between the measuring instrument and the person measured,

such that a degree of uncertainty is inherent in the; measurement process.

-

An evaluation program should prov1de means for systematlc data
gathering for all agreed-upon objectives. This statement does not imply
a need for detailed behavioral objectives. It does, however, imply
statements of obJectlves about whlch syste :atic evaluation data can be

b3 <
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Processes and 1nstruments for evaluation 1nclude obJectlvely scored

tests, teacher-led discussions, listening, questionnaires, affective

measures, essays, papers, essay tests, 'small ::.dent-led group discussions,
processes of science measures, laboratory pr:- .:cals, and other:student
products. Judicious selection of procedures and instruments will be
required. A mix of these activitiés, with many used for integration of
understanding, consolidation,’ and feedback ~(rather than maklng exclusive
use of them for grading) will-have potential for Amproving learnlng and
satlsfylng both students and teacher.n

Student development can be.systematically assessed through a variety
of test instruments: multiple-choice item$, completion items, matching

-items, "essay items, true-false items, 'and laboratory items. Moreover, the

items may be designed to measure a variety of cognitive outcomes, such
. . ’ © - o . N
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as memory, comprehension, application, etc., and be used in different
test instruments--norm referenced or criterion-referenced tests--to

-be discussed below.

Multiple-choice items, matching items, true-false items, and
some laboratory test items usually measure recognition knowledge.
These kinds of items are easier for students than are parallel
constructed response items, such as essay and completion items. (4)
However, the important point is that different evaluation instruments
assess dlfferent competenc1es and provide different kinds of experience
for the student

Norm-referenced Tests ) - - ‘

TWG ninds of ach1evement tests are being discussed exten51vely in

.-the ‘rteraturc on educatlonal evaluation: norm- referenced tests and

cricerion=~ ~-referenced tests. (Other conceptlons such as "domain-
referenced" and "objectives-referenced" tests will -be considered here

withi. the discussion of criterion-referenced tests.)

1

Norm-referenced tests (NRT) haVe dominated educational testing throughout
the 20th ¢entury. Each student's test score,.is given meaning in relation-
ship to those of other students who are taking or who have prev1ously
taken the test. Students are then ranked in terms of the score on the
test., If the test has been standardized, student scores can be reported

.in percentiles. For example, in a genet1cs test used year after year

(with appropriate statistical analysxs), a score at the 50th percentile
would mean that a student has performed as well as_one- ~-half of the students
who have ever taken the test. ‘
Many classroom teachers do not formally determine percentlles, but
have 1mp11c1tly "standardlzed" their tests and report the score to the.

. student as®a‘percentage or as a grade. For example, 70 oxr-75 percent

may be considered as indicative of '"passing." This implicit standardiza-
tion should not ‘be ignored, for teachers gradually shape their achievement
questions to the population they serve, adjusting the items to their
students by deciding that a question would be too hard or too easy. This
kind of adjustment becomes explicit when a marked change takes place in the

.student population. It seems especially painful when teachers feel that

they must make tests "easier," forgetting that their 'standards' were
arrived at in a context relative to a group--they ‘were not absolute with.
respect to some universal, ,

Norm-referenced tests may also be developed by reliance on a normal
curve of distribution. This' too may seem to reflect an absolute standard,
but a normal curve cannot be developed:in a. 51ngle school, nor in a”
single classroom. A random sample from the entire populatlon of students
at a grade level or in a course is needed to develop such a reference.

A
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Norm-referenced tests are primarily designed to measure individual
- differences in attainment of the knowledge and understanding being
tested. Ttems for such tests are most effective when only half of the
students answer any particular item successfully. Items that all or
most students can answer correctly and items that few students can
answer correctly are usually discarded. This practice is used to
maximize the spread of respondents along a continuum of achievement, the
purpose for which norm-referenced tests are developed.

" A difficult/ for teacher use of norm-referenced tests and test items
is the value of such items in terms of the model proposed in Figure 1
and the p01nt of view pTHb°QLEd above. The evaluation model requires
- that test items be discussed-aud critiqued with students., Items will .
be transformed in ‘this opetafion, hence it is not likely-that any partlcular
item will be reusable in its same’ form. Any items that are reused with
the same group,-anﬂ to some extent with subsequent groups, are most
likely reduced to recall items, even though' they may have been initially
- constructed to measure some hlgher cognitive level. This occurs because.
the item response mav be recalled; therefore, recognizing the best choices
does‘not require higher mental’ processes.. Co o ’ ' :
As Tyler and Wolf (47), ‘Hunt (27), and many others have: pointed-

out, a serious daficiency of norm- referenced testlng is that no matter

howr difficult or edsy the itcms and tests are for any group tested, there e

are always "winners'" and "losers." . If excellence is defined as, the )
‘upper ten or five percent of the normal curve, then 90 to 95 percent are . )
denied excellence, and there is no way they can achleve it. o Yo e

: Fortunately, as Stake et al.-(43, p.lS:lS) fOund,,the idea that
‘testing alone tell$ what.a teacher has taught is quickly dismissed by - -
teacners. But the general public, through support of competeucy tests..
"for graduation, indicates that teachers’ may have taught former. students
~that testing is an obJectlve and rellable .means for evaluation and for
grading. : :

i

Criterion-referenced Tests o T -

Teachers aré now being urged to switch from norm-referenced tests to
criterion-referenced tests (CRT). Criterion-referenced tests usually
represent a set of tasks which are defined by a set of instructional
objectives. The test items are referenced as dlrectly as p0531ble to .
‘an objective, Accoldlng to some authors, for example Haladyna, CRTs
may consist of a single performance whlch measures the attainment of one - ‘ :
objective. (24) Tt may also consist of several performances which measure

the attainment. of .a single objective. . (24, p. 93) ‘Although Glaser (20),

who was apparently cue of the flrst to use the' term, conceptualized s
:criterion-referenced measurement as the attainment of knowledge along a
‘continuum (20, p.519-520), the measurement in-practice has been used -
“‘with cut-off scores to establish those ‘who are incompetent (or non-masters)
from those who are competent (masters). This rests on the notion'that

o
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_CRTs of varylng lengths.

Y,

m1n1ma1 levels. of performance on a task can be specified. (22) This

notion has been criticized by Glass who states bluntly, 'We have read

the writings of those who claim the ability to make the determination

‘of mastery or competence in statistical or psychological ways. They
can't.” (22, p.2) Although much research has been conducted since

Glass's statement, - the determination of cut-off scores remains purely
arbitrary. Criterion-referenced tests do yield .measurements that interpret
student performance in absolute terms, such as percent correct, rather

than in comparison with other students, such as percentiles as used
‘in norm-referenced tests. This minimum level of achievement, the criterion,
must be established prior to test administration. '

‘Since CRTs have to be deliberately wr1tten in relation to clearly
stated educatlonal obJectlves, several .issues regardlng statement of
obJectlves need to be considered. The first issue is how broadly or
narrowly each objective should be stated The past two decades have
demonstrated the futility of very narrOWIy stated behavioral objectives.
At the upper liniit, generally stated ‘objectives may be amblgu0us. There
are no precise- guides for determ1n1ng the extent of an ObJECthe s’
coverage. There are, however, pract1ca1 constraints, re1ated to the '4_.~
-proportion of class time to be allocated to evaluation. procedures.
Contrary to earlier assecrtions that single’ items:- can be used to. measure-
a single objective, it is more prudent for the classroom teacher to use
‘several items. M111man (32) provides a table showing the percent of W
students expected to be misciassified as competent when- -they are not for

bl

, Secondly, assumptlons are made in pract1ce about the relative
importance of <h obJectlve or set of ‘objectives. Such- assumptions
may influence "isions about. the selection of objectives that should
form the basis uf a- criterion-referenced testing system. If objectives
can -be organized in hierarchies based upon levels of genera11ty, then
systematic samp11ng of objectives, rather than assessing all obJectlves,
.can prevent bias in the testing, system. If all obJectlves cannot be
assessed it is very easy to fall into the trap of constructing items
on1y Ior obJectlves that are easily measured. &7 , .

i
To develop c1assroom CRTs a teacher may well resolve the above issues

by focusing on the most important objectives-(a judgment made by a .single
teacher, group f teachers, or other consensus group), and develop, 1nter-

‘actively, obJectlves and CR items. This may require a restatement of

objectives to hloher\or 10wer levels of generality as items are. ronstructOd
for a part1cu1ar measure. For. example if several items are to be
constructed for each ob;ective and the CRT is to be only 30 items long,

N I - \\
- 4/ For the unwary, th1s event\ma not be apparent ‘Because 1mportant
course objectives may have‘already bee en e11m1nated——they could not be
stated behaviorally. R “ '



the level of generality of obJectlves will need to be adjusted so that
the CRT assesses a relatively small number of objectives. ~ _ &

Reduction of ambiguity in objectives can be accomplished by
defining the conditions under which the measurements are made, the
standards of performance by which the student will be judged as
successful or unsuccessful, and the relative importance of objectives,
each compared to others. The conditions may be laboratory situations,
oral presentations, open-book tests, closed-book tests, and so forth.

Variations in item difficulty further complicate decision-making
with regard to "mastery." Since there is no good way to define exactly
what is meant by mastery, superficial objectivity glves way to subJectlve

‘judgment even for criterion- referenced tests.

. One of the problems in constucting tests relates to the fact that
items designed for any particular objective may vary in difficulty; even
slight changes of wording can make one item much more difficult than a
similar one: For example, as shown by Klein and Kosecoff (28) in the'
examples below, varylng response choices greatly affects d1ff1culty ’

Item A. Elght hundredths equals: (a) 800 (b) &0 (c) 8 -(d) .08,
Item B. Eight hundredths equals: (a) 800 .(b) .800 (c) .080 (d) .008,

Determining ”mastery" level 1nteracts with item d1ff1culty "To
blindly assume that the scores obtained indicate an accurate, appraisal
of the degree of ‘mastery achieved, merely because a measure is called a
'CRT,” is an exercise in 'self- deceptlon.” (28, p.5)

Another issue is the dégree to which items. are dependent or in-
dependent of instruction. - Test items which do depend on lnstructlon
having taken place accurately, reflect improvement from pretestlng to. ;
posttesting. Thus, proponents of CRT's urge that only items reflecting
instruction be used for classroom measurement. The generalizability
of success, however, will be highly restricted--one cannot predict if
the same degree of success would be attalned by 1nstructlonally 1n—

dependent 1tems. . , Lo -

Flnally, there is the interaction thween test form and objectives.
Certain objectives, for’ example may require that the student design an
experiment or formulate an hypothesis--that is, that he construct a
response. Such objectives cannot be measured by a test- that allows .a
student to select the best deslgn or hypothes1s from four or. five
possibilities*in a multiple-choice item. ."The degree of mastery
required to answer a constructed response is usually greater than it
is to answer ‘the selected response item,” (28, p.6)

Teachers are frequently urged to adopt criterion- referenced testlng.
to overcome those disadvantages of norm-referenced tests prev1ously
dlscussed Criterion- referenced tests have potentlal for evaluating




.high, high school, and college science texts.

B

‘instructional effectiveness and student progress. They are intended"

to measure what, not how much, a student has learned. 'What" .refers
to objectives mastered not to mastery level. '"Student A mastered
objectives 1, 2 . . . n,"and ""70 percent of the class mastered five

. of seven obJectlves for the chapter" are reports of criterion-referenced

tests. ‘Such claims:carry different connotations than those which proclaim

_that "Bob's score on the test was- 80 percent" or '"the class mean was
50 percent."

Criterion-referenced tests have been most highly utilized in
elementary arithmetic, where sequential hierarchical learning is assumed.
They are much more dlfflCult to apply to conceptual learning when
different levels of learning may not be sequential or hierarchical. Much
of what is taught in the natural sciences seems to fit' the latter

" description--witness the many sequences of subJect ‘matter development

and levels of simplification presented in elementary,- middle and junior

Ebel'(lS)' has summarized the major limitations of criterion-

.referencéd measurements as follows: "l.. They do not tell us all we need
to know about achievement. 2. They are difficult ‘to obtain on any’

sound basis. 3. . They are necessary for ‘only a small fraction of lmportant

~.educatlonal achievements." (15, p.287)

In the same issue of School Rev1ew, Block argued that.criterion-
referenced measurements have potential because they ”...are absolute in
that they are lnterpretable solely vis~a-vis a fixed performance standard
or crlterlon and need not ‘be lnterpreted relative to other measurements " (7

The apparent precision and spec1f1c1ty of criterion-referenced tests
leads advocates to claim.that such test procedures eliminate the ambiguity
of alternatlve approaches. Clearly, this is not the case. Apparent student
success as measured by CRT's is controlled--not omly in establlshlng the
cr1terlon, but by the detalls of item- constructlon

S

» Priterion referenced testing'procedures are severely limited in the
establishment of the criterion; all procedures that I reviewed were
arbitrary. Secondly, the assumption of hierarchical knowledge has not

‘been sufficiently explored to be accepted. Indeed, examples put forward

by CRT advocates (with the exception of arlthmetlc) have' been easily
criticized.

Multlple Ch01ce Items

Many resourcés are avallable to .assist teachers with multlple ch01ce item
constructlon. 5/ Anderson, for -example, suggests ways to develop items

o

5/ See for example: B.S. Bloom J.T. Hastlngs, and G.F. Madaus,
Handbook of Formative and Summative Evaluation of Student Learning, McGraw-
Hill, New York, N.Y., 1971." Also, J.C. Marshall, and L.W. Hales,
Essentlals of Testlng, Addison- Wesley, Reading, 'Mass., 1972.
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to assess comprehension--as distinguished from recall, or non-
comprehension. (4) .The crucial factor in determining whether or not an item
assesses comprehension '"depends upon the relationship ‘of the wording
of the test item to instruction." (4, p.167) Only the teacher can.
know if a particular test item repeats the language of his own verbal
explanations, of statements in readings, or of statements from films
or other imnstructional media. If the wording of a test item does repeat
statements from instruction nea..y verbatim, one cannot be certain that
correct responses measure higher cognitive processes. Even if one trans-
forms wording, one cannot be certain that students .comprehend the idea
the item is designed to test. i

Anderson offers two types of comprehens1on questions and provides
rules for generating them. These are paraphrased questions and paraphrased
transfoimed questions. ''Two statements are defined as paraphrases of one
another if (1) they have no substantial words (nouns, verb, modifiers) ip -

common and (2) they are equlvalent in meaning." (4 p. 150)

<

3 Tamir utlllzed actual student responses to essay questlons as a’
source for preparing alternative answers to multiple=~ ch01ce problems
thereby generating items. that feflected student mlsconceptlons and
explanatlons rather than those conceived by the teacher. (46)

. —
k4 Multlple ch01ce items requlre time and care to develop‘ Only the
teacher and students in a particular classroom can determine the

‘appropriateness of the items, and the correspondence between the &evel
of precision required to select among possible responses and the precision
of instruction. : :

True-False Items o ' ) v K

True-false items can be thought—provoking, but, Ilike multiple~ ch01ce
items, they assess the student's abilities to recognize rather than
to construct.. The major problems in writing true-false items are to
avoid triviality, ambiguity, .and oversimplification. .Ebel- argues that
true-false items can be used effectively to assess’ comprehens10n in
many ways--that they néed not necessarily be limited to the recall of
factual details or trivial propos1t10ns. (14) '

Ebel further argues compéllingly against the claim that true-false
tests are subject to gross errors by guessing or informed guess1ng .
Guessing contributes to low reliabilities and errors in test’ scores. .
Informed guessing, in his view, provides valid 1ndlcatlons of achievement.
His studies of well-constructed classroom tests of 100 true-false
items yield reliabilities of 0.75 to.0.85. The probability of getting a
score of 70 percent on a 100-item true-false test by blind guessing alene
is less than one in 1,000. (14, p.387) - He also suggests that’ corrections
for guessing by using the usual formulas do not improve the validity 'of .

test scores. el )



Essay Problems-

ObJectlve tests and test items can be*used’ to help teachers and students
evaluate student achievement of recognition knowledge. But such

instruments do not measure what students can construct themselves. Essay
questions, on the other hand, can allow students to -demonstrate the understanding
they are capable of bringing to bear on a phenomenon or problem. This

is not to say that all essay questions can provide information that

objective problems cannot. For example, such questions as, "List six body
defenses against dlsease " or '"Name four parts of a» cell and explain the -
function of each," prov1de limited opportunities for a student to

demonstrate understandlng. However, even questions such as these do

require recall, whlch is dlfferent from recognition.

Approprlately deslgned essay problems can enable students to show
how they put things together, to integrate their knowledgeb to demonstrate
their ability to communlcate an idea; to show how they organize their

- thoughts; or to select appropriate knowledge from what they have learned

to solve a problem in some new context.

Newspaper and popular magazine articles are useful sources for

~prcblems. Advertisements, too, can offer problems upon which students

can comment, make judgments, and bring evidence to bear.

Essay problems are best used where they can contribute to student
understanding--where they require students to organize information and
ideas; to display the interrelations they can make between object and
event, cause and effect;: and to communicate their re- presentations.

. . , . i .

It is best not to waste time using essay problems for assessing ‘
recall. of factual information, for listings, and for any question or
problem- that can be answered str1ct1y from memory.. Such assessment is

.more efficiently accompllshed with multiple- ch01ce items. Essay
problems asking who what, when, where, which, ‘define, and identify can
usually be rewritten as multlple -choice ltems, with lncreased economy
and statrstlcal rellablllty If students can answer an- essay problem
by. parrotlng the text, the problem is also a recall problem. ' Although
such problems can be used, ‘they require too-much time to review for the
benefits gained. . ' . _ .

Laboratory Problems®

Experimental situations and "laboratory practicals' have been used in
the natural sciences for many years as alternatives to paper-and:pencil
tests.for measuring skills ranging from simple measurement to complex
problem—solv1ng.
Research supports the generallzatlon that "practical" type problems
“‘utilize different cognitive skills than do paper- ~and~ penc11 problems.
“Walbesser and Carter found that student. performance on seven of ten science °’

e
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o o process tasks was lower for. a- group- adn}nlstered paper- and pencll test
than for an 1nd1v1dually administered practical test (48). Robinson
found that a laboratory practical examination had a low correlation
(0.30) with a multiple-choice. (paper-and- penc11) examlnatlon in high
school biology. (39) .

© . - 2

Examples of tested laboratory practical examination ideas have been
published by Tamir and Glassman for high .school biology. (44, 46) N
Specifications for judging student responses are also reported and
interrater reliabilities are largé enough to support the use of such
practical problems. Tawir and Glassman also found différences between
. student scores on the two-hour practical examinations and teacher's
grades, which ‘suggested to them that the practlcal measured dlfferent
attributes than thosé lncluded in the teacher's evaluatlon.'
- . . . .
Butzow reported the construction and testing-of three_practical .
.examinations developed to test the objectives -of the first.five chapters
of Introductory Physical “Science (IPS). (12), He found that practical
exams provided more diagnostic information than did regular classroom
o tests and that this kind of test, involving. manipulation and problem: .
'fsolvingk was more appropriate than paper and pencil fests for IPS. (12 19)

'Affectlve Measures ' - .

R . <

o, The emphasis on humanistic approachés to science education and on.
science-related social issues, plus recognition that cognition and
affect (that is, attitudes or feelings) are generally inseparable, has
lead to research about evaluation in thWé affective domain. The )
importance of attitudes toward science and.science courses relates
directly to the "Mscience literacy" goals of 'science education.’ " There
is ample evidence that, 'given a choice, students.opt not to take science
courses--a trend which increases with years in school, and which is ,
espec1ally prevalent among women and minorities. 6/ ThlS decision to ... . ..
avoid science occurs at the very time when students .become capable of

'.developlng greater- cognltlve competence. Teachers concerned with. countering
this trend may well wish to evaluate the affective outcomes of their
instruction: 1/

' ’

a9

6/ See, for”eiample, M.B. Ormerod, and D. Duckworth, Pupils Attitudes
to Science: A Review of Research, 1975. ‘ ' o g

N
i

7/ For readers who mlght rationalize that "sc1ence is dlfflcult” and -
resolve their problems with an essentially elitist solutlon Orpwood (35)
‘offers a thoughtful suggestlon Teachers, he says, ''should not assume simply
:that the subject is given, but must be prepared rather to look at ways in
which the d1sc1p11ne is translated into a school subJect " (35 .%;)



The item would be improved if the simple statement "I like science

Krathwohl, et al. (30) provided a taxonomy of objectives for
this domain, defined as objectives that '"...emphasize a feeling tone,
an emotion, or a degree of acceptance or rejection.'” (30, p.7) As
Klopfer has pointed out, however, little use has been made of the
taxonomy in science education. (29) To remedy the situation, Klopfer
developed a preliminary synoptic structure that .includes the five major
levels of internalization of Krathwohl, et al. (30) and four ma jor
divisions "...of the full range of phenomena toward which some affective
behavior by the student is sought or hoped for in science educatlon.
(29, p.301) Klopfer's synoptic chart, and examples of statements of
objectives related to the categories in the chart, are extremely help-
ful for developing affective measures for assessing students' internaliza-
tion- of ideas and values for such categories as ''science as a source

of information about the natural world," "scientific inquiry as a way of .

thought," and '"events in the natural world."

Within the domain of affective measures, attitude measurement. is
generally accomplished by means of Likert scales or semantic differential
instruments. Attitudes are defined in several different ways in the
psychological 11terature but for science teachers the definition provided
by Wyer seems most useful. (52) He defines attitudes as "...nothing more
than the judgment of a person, object or concept along an evaluative
dimension--unfavorable, good-bad," etc. (52, p.259)

Likert scales '‘consist of a series of statements to which students

‘respond by marking a point on a scale from strongly agree, to agree,

disagree, and strongly disagree. Such scales-may also include a neutral
point, such as not sure.- Aikenhead suggests that ‘the phrase "do not
understand the meaning' also be used to force a choice when the student
understands the statement. (1) Likert scales are difficult to construct
and validate.. The major problem is to prepare statements that are
"monotonic." Gardner (19) describes a non-monotonic statement as:

...one in which the probability of agreement with the item
rises and tiien falls as one takes samples of respondents
across the attitude continuum. "As a concrete example, consider
the item .'I think science is fairly interesting. Students
with extremely negatlve attitudes would tend to disagree (with:
the word 'interesting '), those with extremely positive attitudes
mlght also disagree (with the word 'fairly'). Students with’
moderately ‘positive attitudes would tend to agree._(l9,_p.2)
o = i .

"
were used. . However, this statement may not be valid for very young °
students, who may not be able to separate their attitudes toward science
in general from those toward the particular teacher and class they are
in. Thus for felementary students, the statement "I 11ke science this
year" would be more appropriate.

Tested Likert scales, such as those published by Fisher (17),
Schwirian (42), Fraser (18), and Moore and Sutman (33) will serve as

ra



useful references for item and scale examples. But the careful reader
will find non-monotonic items in nearly all. of these scales. Such items
should be omitted or revised to improve interpretability of the scales.

Since attitudes change slowly, comparisons of groups of students from
the beginning of a school year, at mid-year, and at the end of the year
would probably be most useful. Teachers should look for gross changes
in class mean scale scores or subscale scores. Unless careful statistical
analysis of responses is made, individual student scores have little
meaning. Also, if subscale scores are to be used, the subscale must be
conceptually describable to be usefully interpreted.

For example, a teacher might want to assess student attitudes
toward tests used in the classroom. To do this, a subscale for each
kind of test used would be required. Each subscale should include at
least four or five statements. Such an instrument would not be suitable
for children who do not yet differentiate the concept "test" from such
subconcepts as '"essay test,'" and so forth. In all statement constructiouns,

~the reading level should be at the lowest level possible so that the

student's response is not determined by inability to comprehend the
meaning of the statement. The Science Curriculum Improvement Study
utilized:simple statements and a series of faces instead of the usual
Likert scale terms. This adaptation increases the reliability of the
measurement for young children.

Any evaluaticn of the affective domain as it relates to classroom
learning would be i:icomplete wihout an evaluation of the learning environ-
ment itself. One potentially useful scale for the classroom is the
Learning Environment Inventory (LEI), which consists of seven items.for
each of fifteen scales. (3)- Titles of the scales and a sample from each

‘scale are shown in Table 1.

Anderson and Walbert reviewed several studies to determine if the
LEI was useful in predicting student learning. (3) They found that while
IQ accounted for up to 16 percent of the variance in achievement, the
LEI-~-all scales, or those marked with a superscript '"a" in Table 1l--
accounted ‘for between 13 and 46 percent of the variance. ‘

A teacher may utilize one or more scales of the LEI at different
times during the year, selecting those scales that have a direct rela-
tion to course objectives. Anonymous ratings, with class discussion of
the meaning of scores and what can be done to move scores in desired
directions, would help teacher and students understand selected aspects
of the learning environment at different times throughout the year.

~ Student development of understanding‘of the processes of science .
can be measured by Likert scales such as that developed by Welch and



{

Table 1. Learning Environment Inventory Scales.*

Scales: Sample Items
Cohesiveness® . Members of the class are personal friends.
Diversity ' The class divides its efforts among several

purposes. .

Formality Students are asked to follow a complicated
: set of rules.

Speed ' The class has dlfflculty keeping up with ltS
a551gned work.

. a - . . :
Environment “ The books and equipment students need or want
are easily available to them in the classroom.

a
Friction Certain students are considered uncooperative.
( !
Goal Direction The objectives of the class are specific.
Favoritism . Only the good students are given special
‘projects.
Difficulty Students are constantly challenged.
a :
Apathy Members of the class don't care what the class
: ~does.
- Democratic , Class decisions tend to be made by all the

students.

a . .
Cliqueness Certain students work only with their close
friends.
Satisfaction? Students are well-satisfied with the work Of

the class.

. . @ . .
Disorganization The class is disorganized.
Competitiveness Students compete to see who can do‘the best
~ work. |

Adapted from Anderson and Walberg (3 p.84-85). Complete scales
are available in G.J. Anderson, The Assessment of Learning Eavironments:

A Manual for the Learning Environment Inventory and the My Class Inventory,
Atlantic Institute of Edlcation, Halifax, Nova Scotia, Canada, 1973.

- This group of scales accounts for substantial variance in' measures
of student learning.
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Pella (50)--the ‘Science Process Inventory. §/

A ) A 7.

Another method for measuring attitudes is the semantic differential.
This technique consists of three components: firsf; a concept or phrase
to which students react (for example: tests, science this year, or doing
experiments); second, pairs of bipolar adjectives, such as '"good-bad,"
"important-unimportant™;.and third, five to seven numbered (but undefined)
positions between the bipolar. adjectives.

‘ Construction of semantic differential scales is discussed in most
texts on testing and evaluation. 9/ Typically, three or four bipolar
adjectives are used to define subscales for any particular concept or
phrase. "t is important that selection of bipolar adjectives be done
carefully for different age groups, and that the ‘language sophlstlcatlon
of students be considered.

Blpolar adjectives which have been found by factor analy51s to be

.useful for upper elementary and secondary students are listed in Table 2.

Table 2.° Bipolar adjectives which have potential for use in semantic
differential measures.

Enjoyment subscale Evaluation subscale Importance aubscale

" dull-exciting | " good-bad ‘ useful-useless
boring-interesting fair-unfair important-unimportant.
unenjoyable-enjoyable sad-happy foolish-wise
pleasant-unpleasant nice-awful valuable-worthless

N

~These bipolar aajeetives will not always factor together in a particular
measurement, but may be uséd to determine changes in class attitudes.
(An assessment can be made early in the scheool year, for students often
have had enough‘experience with the particular concept to have formed
attitudes toward it.) The bipolar adjectives from the various subscales
are mixed, as are positive and-.negative adjectives, so that about as many
occur on the left Slde_Of the scale as on the right, as follows:

|
~ 8/ W.W. Welch, Welch Science Process Inventory, Form D, 1966.
Available from the author,,330 Burton Hall University of Mlnnesota
Minneapolis, MN 55455A . ) _
\ . e .

2/ See, for xample, D. Payne, The Assessment of Learning, Cognitive,“
and Affective, DLC. Heath Lexington, Mass., 1974. See also, L. Klopfer,
"Evaluation of Learnlng in Science. In B.S. Bloom, J.T. Hastings, Jr.

and G.F. Madaus, Handbook of Formative and Summative Evaluation of ' Student
Learning, McGraw:Hill, New York, N.Y., 1971.
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good - - - - - - - - - - bad
boring - - -~ - - - - - - interesting

Scoring is accomplished by attaching a value of one to each
negative adjective and five to each positive adjective. The other spaces
take values of two, three, and four. The mean score for each .subscale -
and the full scale can be calculated. Mean class responses can be used
in discussion -and planning with students about ways in which the course
can be ‘improved, if lmprovement is indicated. As with Likert scales,
student names are not needed on the instrument, for the information
desired is for the class as a whole.

GRADING

Teachers are generally required to keep records on student achievement
and to report this information to parents periodically throughout the
school year. " Unfortunately, though much has been written on how grading -
ought to be done and on specifying grading policies, as well as cr1t1c121ng.
existing practices, the amount of research coriducted about grading as it
is. done or about the consequences of particular grading practices is
qu1te limited. x

-In a study of regional differences in high school grading practices,
Pinchak found variation not only between regions (North East, North '
Central, South, and West) but within them. (36) Data were. gathered

__ from 1069 high schools as part of the National Longitudinal Study of the

High School Class of 1972. Nationally, 67.6 percent of the schools used
letter grades only; 16.3 percent used percentage grades only; 5.4

percent used combination letter ‘and percentage grades; other types, other
combinations of types, and missing data (2.7 percent) accounted for the
remaining 10.7 percent. Comparing these different grading practices and
_ the metliods used to determine letter and percentage grades is difficult,:
if not lmpOSSlble

In an earlier study reported by Pinchak (37), the researchers found
that whereas a letter grade could be considered equlvalent to a certain
percentage within one school, that grade would then be found to be -
higher or lower than the same grade in anc.her schuol by as much as .
34 percentage points., z

‘While Stake et 'al. report that measurement specialists talk about
the inadequacy of grades, teachers in the schools studied by his group
did not: 'When they (teachers) referred to grades, they considered -them
-as fixed, part of the system, causing some proplems.but largely necessary,
compatlble ‘with the student' s and parent's concern about scholastic .
achievement, and consistent w1th the admlnlstrator s (and lncreaslngly
the legal office's) demand for proper ledgers." (43, p.1l5: 19)

P
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In the same study, teachers reported concern that the only thing
students think about is grades... that students are generally not in
science courses to learn something substantive. This assertion was
later modified when the discussion became more analytical; then grades
were seen to be of concern to the.most academically able students,
but not to others. (43, p:l5: 30) This difference in the concern for
grades of the more and less acadanlcally able students seemed most
pronounced in the Junlor hlgh school.
Biggs and Braun 10/ dlscussed the dilemma faced by college instruc-.
tors who use more than one instrument to assess student achievement. (6)
" They found two -models used in current practice: a so-called union model,
and a disjunction model. The union model is based on the subject-centered
tradition, implying. that "'...the nature of the content defines multiple
goals, and individuals have to demonstrate -competence with respect’ to
each goal." Thus, in the union model, all of ‘the evaluatlon data

components are added together, sometlmes with different weightings for »
" each component. The disjunction mecdel provides alternatives, "the

student can demonstrate competence by 'A,' or 'B,' or 'C. ' The model
implies an interacticn between the'different Kinds of evaluation
procedures used and individual differences in students. (6 p. 303)~

The importance of the model used was examined with 60 students in -
two parallel courses, using four- tests and a term.paper as criteria for
* determining student grades. The ‘union model was found.to yleld significantly
better grades for students who were fact-rote orlented who -depended on
the teacher for academlc gu1dance, who scheduled their work, and who trled
to interrelate lssues The dlsJunctlon model maximized grades of
students who were more 1ndependent worked within their own self- 1mposed
limits, and p]aced relatively less value on interrelating and:. other
""quantity-coping' strategies. Academically oriented students who read
widely, were interested, avoided simplification, and did not feel - _
overwhelmed by their work performed equally well in the two systems of
grading. (6, p.308) Biggs and.Braun concluded by stating, 'Thus, _
particular models of evaluation may discriminate for or against a student
on the basis of what he is, rather than on what he mlght become via
educational intervention... a point that deserves serious consideration,"
(6, p.309) S

Harsh or. severe grading practices in science classes in comparison
with other academic subjects has been found at both the high school
and college levels. Bridgham and Welch, for example, found a pattern
of correlations which suggested that severity of grading was associated
with diminished enrollment in physics. (9) . Bridgham thus suggested

-

10/ Although this study was conducted at the college level "I have
“included it because of its relation -to grading practlce in secondary Schools.



that an increase in science enrollments would follow an effort
to put science grades on a "par'" with grades in.other academic
subjects. (10)  *° ' ; : "
Humphrey and Stubbs, in a study of the relation between academic
grades and student expectatlons of post-secondary education, found
that "for both boys and girls, Academic Grades are’ tapping the causes |
of Expectations..." (26, p. 269) Differences were larger for girls than
for boys and such expectations were formed prior to high school entry. )
(This study was a reanalysis -of data published by Williams (51) and used
a cross-lagged technique.) Humphrey and Stubbs concluded that such a
study is indicative of causal sequences and that academic .grades c¢ause
expectations for higher education rather than-the reverse. (26, p.269),
‘Research on. grades and grading is quite limited, although I do not’
claim to have done an exhaustive search of the relevant literature. . The
findings reported above cannot be generalized beyond the particular
studies; however, they are suggestive. The following ideas, derlved
from this research, seem worthy ‘of consideration.
1. Grades are not generally cOmparable from region to region
and school to school. They don't mean the same thing.

2. The grades a student receives shape and, indeed; may create
expectations .for post- secondary education. It may be that students
come . to see themselves as "A" or '"D" students, as if they possessed
these qualities as personal traits. .

3. " Grading is generally more severe in science classes than in
other academic fiields at the secondary and college levels,

4. Teachers generally have confldence 1n the grades they asslgn
to students.

5. - Grades no longer motivate a large number of students in the
public schools. : ; : y

6.. Teachers are concerned that those students who are motivated by
grades are concerned only with grades, not with ledrning.

"In a recent review of research ‘about grading, Evans concluded
that grading does ‘not fulfill ‘its purported functions and can produce
.undesirable motivational effects. (16) . The undesirable motivational "
effects of external rewards (especially the negative effects on
development of 1ntr1ns1c motlvatlon) are also supported by research

descrlbed by Deci. (13)

Alternatlves to current gradlngtpractlces are reviewed in Slmon and
"Bellance (41); but- flndlng simple, satlsfactory alternatlves is alfflcult

2
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differ with the developmental level of the students.)

I suggest.that gradlng practlces are most effective when teacher

.and students discuss and develop those practices that, will be used in

a partlcular classroom. (The extent -of involvement will, of course,

One of the continuing tensions in grading policy revolves atound’
the .relative wéight to be given to individual students in terms of their
level and rate of development, and societal norms--standards, if ou
will. "Is this student up to grade level?! reflects a normative
concern. "Is this student developing competencies at his or her optimum

’ rate?" reflects a devélopmental concern.

A
Social pressure currently is for normatlve achlevement regaxdless
of 1nd1v1dual dlfferences. Research reported here suggesLs, howeyer, =
that because of théir subJectlety, “grades ‘can not -serve as’ standard

judgments. If one takes into account the research about cugnitiv-
development discussed early in this paper, one'concludes that graling

practices based upon individual development, rather than those which judge

‘students in comparison to one another, would be more fair. -Emphasis’

on individual growth is consistent both with knowledge of human_deyelmp-

- ment and with the general education fuhction of schools.

Different offerings allow students with differing needs‘and
interests to-elect the most suitable course, and grading policy should

‘logically shift according to the purpose of the course. For example,

grading policies for college preparation courses could be differeont
from policies- for general education c0urses

It is important that teachers and students clearly understangd -

these different purposes: Mutual understanding of course goals,

development of evaluation processes and instruments consistent with goals,
and contlnued student and teacner discussion of grading policy for each
course would seem ‘to have promise in reducing some of rhe undesirable °
effects of grades. It is especially important to select wv&.uation data
that are to be used to determlne grades, a process in which students
should participate. 5

SUMMARY

This paper has reviewed a great deal of thé.literature related to,
evaluation, testing, and gradlng in science classrooms (more of it was
scanned, but not reported here). 1In view of the voluminous literature,
on testing espec1ally, no claim is made that the review 1s‘an exhaustive
one. i '

The subJect1v1ty of classroom ‘tests and of grades issued to students
is evident; suggestlng a need. for humlllty on the-part of teachers.
Several generations are now convinced that tests can measure what students”
have learned, that tests are objective, and.that grades are uniform across

3¢



échools. It is time science teachers helped dispel thése myths,

by working with students to improve evaluation and grading and
in the final analysis, professional judgment,

“ .
i%

by recognizing that,
is being exercised.

N
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The idea that learning one area can help students learn another better
is not novel. As early as -1903, E.H. Moore (19) suggested that
mathematics and science be integrated '"so that always students'
mathematics should be directly connected with matters of thoroughly
concrete character'...." 8Still, 75 years later, we continue to question
whether it is educationally sound to relate science and mathematics

in elementary classrooms. Does exposure to science experiences improve

mathematical performance as it appears to improve language performance?

Transfer of Training
Transfer of training is the technical term used to describe the effect(s)
that learning one thing has on the learning, doing, or relearning of
another similar thing. It is a concept which has been given much attention
in this century. The work of Wordworth and Thorndike (27), Judd 5),
Bayles (4), Gagne (11\,and Cronbach (8) " forms the rationale for using

an 1nstruct10na1»strategy that promotes transfer of training in our class-
" rooms.

_ Perhaps not as well known but certainly relevant to the classroom
teacher is a study made by. Orata in 1941. (20) Orata sought to examine
Thorndike's theory that the existence of identical elements was a pre-

- requisite for tranéfer of training. His own study indicated that. the
amount of transfer that occurred in any learning situation depended both
on learner-centered and situation-centered factors.

Learner-centered factors are: age, mental ability (IQ), personality,
knowledge of direction, attitude toward school, and ability to accept
methods, procedures, principles, sentiments, and ideals. Bayles (4) -
" also emphasized the importance of both environment and learner in the
process of transfer. He stated that any given item will transfer if and
when (and only if and when): (1) .opportunity offers, (2) a trained
individual sees or senses it as an opportunity, and (3) he or she is
disposed to take advantage of the opportunity. (4, p.58) Since learner-
centered factors are internal to our students, they are largely outside
the teacher's sphere of influence. ©

Situation-centered factors are easier for teachers to modify. Among
them are: meaningfulness of the learning situation, suitable organization
of subject matter, "presentation, and provision for continuous reconstruction
of experience. Every day when we decide how we will teach an idea or
concept to our class we grapple with the question, "How can I make this
material relevant to my students?" So when we teach the concept of
"area" in geometry, we discuss, for ‘example, the work of a carpet installer.
Slmllarly, we. are dealing with situation-centered factors when we decide
the order in which we will present topics to our class throughout the .
yeat. Should we teach graphing in mathematics class prior to presenting
a science lesson in which the skill is needed, or can we rely on the
science lesson itself to teach the skill?
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Among the situation-centered factors Orata saw as important
determinants in maximizing transfer of training, organization of the
curriculum deserves careful attention by classroom teachers. How can
we bring the interdependent parts of the curriculum together so that the
child's educational experience will be more meaningful? '

Curriculum Designs that Foster Transfer

There are three ways in which curriculum can be brought together to

achieve unity: the core curriculum, the fused curriculum, and the
correlated curriculum.’ : '

In the core curriculum teachers and administrators agree on an
objective or theme for the week, month, or year. Each subject is then
reviewed to determine how it can be related to the- theme or objective.

" If the objective is to increase problem-solving abilities, thé mathematics
teacher might do a unit on story problems while the social studies teacher
works on generating ideas for solving some of our natural resource probléms.

A second way to unify or integrate the curriculum is to have a teacher
agree to teach two subject areas (such as social studies and science)
as one. Such a fusion of subject areas is quite naturally called a
fused curriculum.

The third way to achieve an integrated curriculum, and possibly the
most frequently used, is simply to correlate subject matter areas. A
mathematics teacher -may request that the science teacher present a
lesson in which the children will be working with the relationship between
circumference and diameter while he or she is teaching about circles in
mathematics.

Though acknowledging the importance of learner- and situation-centered
factors in maximizing transfer of training, and planning new curriculum
designs to promote such transfer, may look impressive on paper, teachers
need to know if such plans will really help our students. 1In this
regard, I find the following questions to be particularly interesting:

1. What are the benefits to the learner if we integrate science and
ma thematics?

'

2. Which instructional scheme for nathematics and science will
have the most positive transfer potential for the learner?

3. . Do science and mathematics function as mutual enhancers?

4, How can we determine the feasibility of integrating science and
~ mathematics?

5. Which science programs most easily lend themselves to integration
with mathematics? ’
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6. What research is needed on the relationship between science
and mathematics?

Integrated Approaches'

One may easily hypothesize that increasing the personal meaningfulness
of learning material--by having students perform activities to generate
their own data, for example--should result in more etf1c1ent learning.
Ausubel (3) has stated this Ldea in more elaborate form as follows.
New mater1a1 is not potentially meanlngful if either the
total learning task (e.g., a particular order .of nonsense
syllables, a list of paired adjectives, a scrambled sentence)
or the basic unit of the learning task (a particular pair
of adjectives) is only relatable to such concepts on a purely
arbitrary basis .... :

The second important criteriom...--its [ the material'é]
relatability to the particular cognitive structure of

a particular learner--is more properly a characteristic

of the learner per se ....The cognitive structure of the
particular learner must include the requisite intellectual
capacities, . ideational content, and experiential background.

As long as the set and content conditions of meaningful
learning are satisfied, the outcome should be meaningful
and the advantages of mean1ngfu1 learning (economy of
learning effort, more stable retention and greater
transferablllty) should accrue irrespective of whether

. the content to be internalized is presented or discovered,
verbal or nonverbal. (3, p.23)

Simply stated this means that children do not readily remember or learn
abstractions; they need, perhaps demand, specific, meaningful experiences
to which they can relate an abstract idea they are learning,

Gorman was the first to try to test the hypothesis about the
importance of meaningful experiences in learning. (12) His study
focused on 45 eighth-grade subjects at the High School Division of the
Laboratory School of the University of Missouri during the school years
1937-1939. The subjects were assigned to two treatment groups, matched
on the basis of mental ability and mathematics and science ability. The
variable was the way in which science and mathematics concepts were
taught. Material presented to the experimental group was in workbook
form and consisted of six units. The individual units were composed
of a series of science activities designed to be done by single students;
by groups of students, or by the instructor as a demonstration. Successful
completion of each of the science units necessitated use of specific
mathematical concepts. Students in the control group, in contrast, received
lessons on“;he same concepts, but were instructed in the more traditional
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mode--that is, separate textbooks in science and mathematics were
supplemented by lectures, with no effort made to correlate the two

subject areas. Gorman's results indicated that there was no significant

difference between the control and experimental groups in mathematical
achievement., In fact, each group progressed _approximately one grade

during the study.A The means of the science test scores showed a small
difference that was not deemed statistically significant. Gorman
concluded that it was feasible to integrate science and mathematics,
but that more research into the effectiveness of such an instructional
scheme was in order.

‘Despite the inconclusiveness of Gorman's findings, science.educators
persisted in developing programs that sought to integrate science and
mathematics. One group of science and mathematics coordinators met at
the University of Wisconsin to investigate the possibilities of integrating

science and mathematics. Among the goals set by this group one is

particularly pertinent to teachers: to perform and evaluate selected
science activities which appeared to have a high potential for teaching
mathematics concepts.... (23)

The programs studied were Science: A Process Approach I, Elementary

School Science, Science Curriculum Improvement Study, MINNEMAST,

Experiences in Science, and Elementary School Science Project. After
careful review of these programs, it was the consensus of the group

-that "...it would be possible, by careful selection of activities from i

the science curricula studied, to provide learning experiences in almost
all areas of science content, science processes, and mathematics.' (23)

~Through the years, individual teachers have made attempts to
integrate science and mathematics in their classrooms. Several articles
have appeared in the literature reporting such isolated attempts,
including: Kinney (16), Breslich (5), Fuller (10), Hogan (14), Webb (28),
Groteluschen (13), Payne (21), Dubins (9); and Rasmussen {22). Even .
though teachers who tried to integrate mathematics and science believed
that this was a desirable teaching arrangement and would produce better :
learning outcomes, no attempt was made to provide empirical evidence that
learning outcomes were better using this design than-some other. The
reports were descriptive not evaluative. '

Seeking to provide some empirical evidence to establish the
efficacy of science-mathematics integration, Kren studied 161 fourth-
and fifth-grade students in_eight classrooms in a Central Texas schgol
district. (18) The subjects were assigned to one of four groups; th
experimental and one control. One of the experimental groups received

‘science instruction (Science: A Process Approach . I). A second group

received instruction in a correlated sequence of mathematics and science.
The third group received instruction in mathematics alone. The subjects in
the fourth group, the control, continued with the course of study set by
their teachers. It was stlpulated that control-group teachers refrain from
instructing those mathematical skills which formed the focus of the study:
(1) lnterpretatlon and construction of linear graphs and (2) construction

-
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‘and measurement of angles. All groups were given a pre- and a posttest,
with a predetermlned period of t=n school days between each testing
session. Analys1s of data led tue researcher to the following conclusions:

1. The correlated science- mathematics curriculum and the traditional
mathematics curriculum were eguallx effectlve in teachlng the construction
and measurement of angles.

2. The skills of lnterpreting and constructing linear graphs can
be taught with equal effectiveness in a science lesson, a mathematics
lesson, or an instructional arrangemeut in whlch the two subjects are
correlated.

Science for Improving Learning in Mathematics

Though research is inconclusive on the effectiveness of programs that
integrate science and mathematics on the learning of mathematical
skills, one might explore the use of science programs to assist children.
in later mathematical learnings. In 1957, Almy sougziut to determine the
effects of classroom experience on children's conceptions of the world. (1) -
It soon became apparent that it would be necessary to study young
children's thought processes first. This led Almy to replicate much
of Piaget's work on children's thinking, including Piagetian tasks, and
interview techniques. Almy's duyplication of Piaget's work verified
the latter's findings; in fact, in some cases the reSults were almost
identical save for sample size differences.

Children who part1c1pated in"Almy's study were from two New York
City. elementary schools. One group, designated M.C., was from a pre-
domlnately middle-class school. The other school, L C., was located. in
Manhattan's Lower East Side and drew children from a low- lncome h0us1ng
prOJect.

All subjects were interviewed to determine their performance on
" Piagetian tasks, and data were collected and analyzed. -Performance

on Piagetian tasks was then correlated with performance on other tests
of mental ability and academic achievement--studied specifically was
the lationship between the ability to conserve and mathematical per-
ce. Pertinent data are displayed in Table 1.




Table 1. Mean Mathematieal Performancea of Second-Grade Children
Revealing Differént Conservation Abilities (1, p.76) - i’

Premeasurement” o .
, ‘ Concepts® . Numerical Concepts®
Tasks in Which S ;
Children Conserved N M SD N M- SD
‘M. C. SCHOOL | - : ‘
None C 1 30.50 . 0.00 -1 - 35.50 0.00
Only B 9 34.39 2.45 9 29.00 . 4.85
Both B and A 14 - 34.82 2.35 14  28.43 4.23 A
B, A, and C 24 36.79 - 1.84 . 24 33.17 2.87
" TOTAL o C 48 35.64 2.44 48 31.05 4.31
L. C. SCHOOL
(Children with adequate language) - »
None 6" 34,08 1.91 6 25.67 4.39
Only B 13 30.65 6.68 13 28.88 3.86
Both B and A 4 32.38 1.49 4 25.63; 5.25
B, A, and C 7 33.86 3.17 i 26.57° 9.40
5.73

TOTAL ) 30 © 32.32 . 4.89 30 27.27

agcores on school-administered tests not avaiIable for all subjects.
bTask A: Conservatlon of the equallty of two 'sets of blocks through
: two transformations.
Task B: - Conservation of.the number of a set of blocks that have
been counted, through two transformations.
Task C: Conservation of the equality of two amounts of water through
one transformatlon

®Based on estimated raw scores converted from percentlle ranks on
N.Y. Inventory of Mathematical Concepts.

These data indicate that children who have the ability to conserve, .
experience greater success in learning mathematical skills and concepts.

These ‘findings have implications for the kinds<of experiences that
the classroom teacher provides for students. Almy relates the following
about a first-grade teacher: : ‘

..she has found that tany children have difficulty at the
same point. They have been successfully completing exercises
that required them to supply the sums for rows and columns
in a series of diagrams. Then comes a set of exercises in
which the sums are presented and they must write in the
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appropriate figures for the rows and columns. The
numbers involved are small® and ‘the context provided
by ‘the diagrams has not changed. Nevertheless, the

. children who presumably have been relying largely on-
memory in .the previous problems are thoroughly confused.
(1, p. 131)

One can speculate that experience with science.activities dealing with
conservation of mass, number, and volume would have alleviated some

of the difficulties these students encountered. It is of interest
then ‘to ask whether certain science experiences or currlcula are

"espec1a11y 11ke1y to help students learn to conserve.‘

Following this study, Almy began a new one id 1960, the major
objective of which was to defermine the effects of '"new'" programs
on young children's level of thinking. (Science-A Process Approach
(SAPA), Science Curriculum Improvement Study (SCIS); and the Greater

Cleveland Mathematics Program (GCMP). In addition, she determined -the

degree to which programs din science and mathematics overlap. The
children who participatéd in this study were in kindergarten through
second grade, and were from various backgrounds and geographical areas-=
California, New York, and New Jersey. Teachers also had varying back-
grounds and experience in teaching.  The heterogeneity of the groups

. could’well have colored the results of the study, but it .is thought that

the 1arge number of - subjects (914 in all) mitigated any such effects.

SubJects were assigned to one of five treatment groups: (1) SAPA-

. GCMP, (2) SscIs- GCMP (3) GCMP, and (4) no prescribed lessons. Determinations

of the subjects® levels of thought weré done in kindergarten, flrst
grade, -and second grade. Results are presented in Table 2.

[}



Table 2. Percent of Children inSix. Programs Clearly Operat10na1 in Seven

Posttest Tasks at Beginning pof Second Grade?

N

Percent Operational

—~—

Conservatiop Class _ Serial Ordering - -
of Inclu- - Seria- A Ordina- - Reorder- : Transi- No. of
Program No. Wt.  sion tion tion . - ing tivity - Children
-All . . o - , '
Programs 58 35 8 30 40 10 26 628 -
Initiated in Kindergarten..

SAPA ; . _ - '
(GCcMP) 70 - 41 9 24 35 6 ' 40 93
SCIS S : .
~ (GCMP) 68 40 13 35 - 37 13 13 79

GCMP . . .
Only 55. 38 11 34 49 - 15 19 122
No Pre- 67 - 39 _— 38 48 6 37 136
scribed ' : B
" Lessons
Initiated'in First'Grade-
. SCIS 45 27 7 23 32 12 - 19 113
(Math) : ' -
Math 45 25 5 25 34 -7 22 -85
Only - S

4pased on 0-1 scoring procedures. - Percents glven represent the number of

'chlldren in each task scorlng 1.

bTotal 1nc1ud1ng those not operatlonal who attempted each of ‘the seven

klnds«oﬁ tasks.v
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Results indicate: that those children who participated in a pre-
scribed mathematics-science program begun in kindérgarten did better than
those who did not begin instruction until the end of kindergartemn. On -
the other hand, those children who did have one of the prescribed

————matllematics<science—~programs in. klndergarten did no better than those who had

. T
R N

e~

~facilitate children's ability to comserve, the question arises: Which
_program does this better: Science Curriculum Improvement Study or

no such lessons in kindergarten or first grade. In Almy's words

"...the results...pose a paradox.'" Apparently there was a sudden

increase in logical thinking processes in kindergafteners who had
mathematics-science programs, but later on, .in first and second grades,
these initial differences in logical thought dlsappeared.. Perhaps
maturation was important here. Almy suggests that one grOup's famlllarlty
with interview: procedures 1nflated their scores. .

It was found that chlldren who had mathematics-science programs did
better on conservatlon and transitivity tasks than did thcose who received
instruction .in mathematics .only. However, those children who received
mathematics only tended to do better on’serial orderlng tasks than those
1n science-mathematics programs. . : . '

Q

Having established that a mathematics-science programidoes

5cience--A Process Approach? . On all dimensions, except transitivtty,
differences are minimal. - Exposure to SAPA results in more children being
operational on this dimension.  To be classified as operational in a.
transitivity. task one must be able, given a relationship between a and b
and -between b and ¢, to form a concluslon about the relatlonshlp between
a and'c. °

It reviewing her results Almy states-that "...both of these curricula
(SCIS and a variety of activities related to mathematics and science)

‘placed relatively less emphasis on the acquisition of concepts through

direct imstruction, and relatively more emphasis on the child's construction
of the concepts from his own experience and at his own pace...." In
simpler terms, science and mathematics programs that employ. the "hands-on"

. approach to learnlng assist children in becoming operational on most

Piagetian tasks. Coupling. this information w1th data collected in the
1957 study, one can conclude that spec1f1c science programs do and will
assist children in learning mathematical skills and concepts by 1ncreas1ng
their ability .to ‘congerve.

-Almy's Suggestions for nsing science activities to increase
children's ability to comserve and, therefore, their performance in
mathematics was researched in 1968 by Stafford (26) and Renner (24).
In separate studies, these researchers. focused on the first-grade
componentJfof;Science Curriculum Improvement Study (SCIS).

‘Renner sought to determine the effect of this curriculum ‘on the

-child's ability to conserve. The classic Piagetian tests for con-

servation of mass, length, area; number, and solid and liquid volume
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were administered as a pretest in the fall and a posttest four months

later. Pertinent data are displayed in Table 3 below. . ¢

"Loﬂ_Bretesﬁ_and Posttest Performances on Consefvation
_ Tasks
Experimental : - .. Control
. Group . _ Group
Conservaticn ] _ ‘ : _

Area _ : Pre- - Post-_ Pre- Post-
Number - 13 50 (317 15 37 (18)°
Weight -3 13 (8) . 1 8 (6)
Liquid Amount 5 25 (A7) 5 19 - -(12)
- Solid Amount 5 26 (18) 5 22 (14)

. : _
Length : 3 30 (23) 0 11 (9)
" Area | 6 31 (21) 13 .34 - (18)
_Tofél . T . »
Conservations . .35 - 175~ o 39 131
' Total gaiﬁ.in _ _ o _
Conservations - 140 ' ’ 92

8Numbers in.parentheses show percent increase for total group.

Obviously, exposure to the kinds of tasks one finds in SCIS
does help children in their ability to conserve. .In particular,students’
improve in the ‘ability .te conserve number and .length since, as the data
show, the greatest gains were made in these two areas. The effectiveness’
of this program in this area was verified by Stafford in similar research
done with kindergarten chlldren

" Science Curriculum Imgrovement Study has also been studied by other

. researchers to determine its effect on the acqulsitlon of mathematical’
_skills. .Coffia studied 115 fifth- -grade students from two elementary

schools. (7) All the'experimental subjects -had  had SCIS for five years,
while. the control group had had a traditional textbook approach. The

" test 1nstrument iised was the Stanford Achievement Series (1964 edltlon)

Test regults showed a significant difference between the two groups in
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mathemat ical applications but no significant differences in mathematics
skills and concepts. Since mathematical applications is a test of
"how well one can apply knowledge in a problem-solving situation, and
since SCIS provides training in problem solving skills, these- results are
not surprlslng.

If we could select some content that expands knowledge in science and
mathemat1cs simultaneously that might be desirable. Kren began an
investlgatlon in this direction using Science--A Process Approach I.
lthough only one grade level (Part E--Fourth Grade) and two exercises.

Qithin that grade were rev1ewed (Exerclse n--Measurement of Angles,
“and Exercise f--Prediction in Various Phys1ca1 Systems), the results are
int restlng It appeared that exercise f taught the mathematical skill
in question just as effectively as did mathematics instruction alone.-
ExerciSe n was not an acceptable substitute for mathematics instruction,
however) There is a possibility that if. the ba31c design of this study

were expauded to include a greater number of exercises and more time,
results mgght be different.

Unified‘\Science and Mathematics for the Elementary School (U::.%
was evaluated ‘by Shann to determine its effects on the learning of
mathematics SklllS. (25) 'Two groups were selected for study: one USMES
and one non- USMES The groups represented d cross- -section’of grade
levels, socloeconomlc levels, mental abilities, and geographlcal areas.
Pre- and posttests \were used to determine the child's ability in-

- mathematics. Six subtests from the SAT Battery were used to measure.
achievement in the bas1c skills, . Problem-solving ability was determlned
by using the Picnic Problem and the Playground Problem, both un1ts in the
.USMES curriculum. '\_ :

\
N,

On all tests of basic® .skills USMES students were not behind their
counterparts, but the d1fferences were not significant. USMES and
non-USMES .groups performed at, approximately the same.level until the
upper grades, but subsequently\non ~-USMES students managed either to
keep up or showed a decline in performance. In retrospect, the researchers
reasoned that this difference in\performance could have béen due to the
fact that USMES students got that\program in addition to their regular
mathematics program. In this case\ USMES was a supplementary program
and did-not constitute these students sole exposure to the mathematics
-concepts. Due to this extra exposure, it is easy to predict that the
students in the experimental group would learn more- -mathematics skills
and concepts-than those in the control group.. Yet, one night hypothesize

-that the-reason beh1nd theﬁr performance was that mathematical concepts

" and skills had more meaning for them than: for the control group.

" Differences in problem solving ability reflected in posttest .scores

' could be because the measure used to evaluate this dimension was from

_ the USMES curriculum--in which case familiarity with the ‘format may have

- been sufficient to skew the results in favor of the USMES group.
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Studies to date suinent that science experiences can assist
students to learr watiematical skills and concepts, although such
assistance may come .tout in an indirect way--that is, through increasing
children's- ability to participate in operational thought. Indeed

if we accept Piaget's‘theories"regarding the importance of concrete
experience in learning, Orata's ideas about the importance of the
meaningfulness of learning material, Ausubel's work, and the’ theories
of transfer of training, we should: take advantage of opportunltles to
draw together science activities and mathematics 1essons whenever such
opportunities present. themselves

MATHEMATICS: A PREREQUISITE TO SCIENCE-LEARNING’

If science experlences can help one to learn mathematical concepts and
skills, can mathematlcs help one to learn science?

“In 1967 Kolb (17) began a study in which he sought to determine
whether mathematlcs instruction could facilitate the learning of certain’
quantitative science behaviors. The curriculum under investigation at
the time was SAPA I. Kolb used fifth-grade students enrolled in three .
elementary schools in Kansas 'as his subjects. These students were divided-
randomly into two groups: experimental and control, The experimental
group received instruction in mathematics related to quantitative science
behaviors while the control group received instruction in mathematics
from their mathematics textbook, which was not related to quantitative //
science behaviors. , The experlmental group .was presented with ‘a sc1ence/
program developed by Kolb and patterned after -exercises in SAPA T.-
Mathematics lessons-were also developed by Kolb ‘and related’ d1rect1y to
selected science exercises. (Mathematical concepts were ratio and line .
segment. graphs.) When both groups were tested to determine gains made
in mathemdt#cal and scientific competencies at the conclusion of the
treatments, the data led-Kolb to the following conclusion:

_An instructional sequence in mathematics, based upon ' S
a hierarchy of mathematical tasks assumed to be : '
necessary for selected quantitative “science behaviors,
facilitated.the acquisition of the quantitative science
behaviors more than an instructional sequence in
mathematics not d1rect1y related to the quantitative
science behaviors. (17, p.l80)
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'CONCLUSION @
'The- studies reviewed in this paper suggest that elementary science
curricula can and do assist children in making transitions. from one ‘
Piagetian level of thought_ to the next.  Since it has been demonstrated

by Almy (2), Renner (24), and Stafford (26) that a child's level of
‘thought influences his achievement in mathematics, there does seem to
exist an.indirect relationship between science and mathematies. Before
teachers use science curricula in hopes of increasing achievement in
mathematics, however, additional empirical ev1dence is needed . To that
end, it is suggested that: '

. 1. Majar "hands-on" science curricula,_such as SAPA I and II,

" MAPS (Modular Approach to Science), and ESS (Elementary Science Study), be
_reviewed to determine which exercises appear to have potential for
.developing childrens' patterns of thought.

2. Science lessons (mentioned above) need to be used in elementary '
classrooms, ,and childrens' progress evaluated (by interviewing them on
.Piagetian tasks) to determlne the level of thought at which, they are
operat1ng

3. Data must be collected and analyzed to determine effects of
.science instruction on children's achievement in mathematics.

-

ES

4. Contemporary elementary science programs using textbooks must
be evaluated as outlined above since many school districts and 1nd1v1dua1
teachers choose textbook-based science programs. ‘

‘Because ach1evement in science is often cont1ngent upon mathematical
knowledge and the ability to perform mathematical operations, Kolb's

findings (17) are not surprising. In lizht of the frequency of team- SN

teaching arrangements and platoon systems in elementary schools, correlation
of science and mathematlcs programs seems advisable. Here aga1n, further
research is recommended. Field studies, too, are needed so that teachers’
‘who participate in a program that correlates science and mathematics will
- be confident that achievement in each of the d1sc1p11nes is not d1m1n1shed
but improved. - & -
Whether science and mathematics should be taught together or
separately has not yet been determined conclusively. (12, 18) Further
research following the patterns estab11shed by Gorman and Kren needs to
- be done, but such studies should be. of longer duratlon, perhaps a year

“ﬁ or more, and should focus on more sc1ence eéxercises and mathematical skills

‘and/or concepts. ‘ . ‘

*'Additional questions to be explored are:

1. What are the effects of each instructional scheme- on children's
attitudes toward science and mathematics?
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2. How are retention rates iri“,_' the 6""04 lines affeéted by
_the various instructional schemes? rm o

- & {} '
. 3. Are the effects of each instruvﬂlon// \hgement qy fferent
o _for varying-sexes—and age groups" : \ HE e _

The invitation for~ further researcy, Eeﬁ’/b §\\‘eﬂt Ig we subscTribe
to. the theories of Piaget, Orata, and A 1k§§3 ufot do\lbtz that
instructional arrangements such as thesg \‘Vili’ N {t the’ Earner
However, teachers and educational’ reseay 0hEr gh\ St furthe
In the meantime, classroom teachers hav qott”/} \ 193¢ 511(1 quch to
gain if they viéw science programs as at'; Ryt 0 Yy gh vfthh they cdn .
‘help children to develop better understBﬂQiM Eh@mac%c%\

H
i

r research.
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Field trips are enormously popular with many teachers, although these
educators may not have stopped to analyze precisely why. Is it because
youngsters enjoy the change of pace? Because students learn more out-
side the classroom? Does research have anything to say about what field
trips accomplish best, or how they can be made into more effective
~learning opportunities? These are some of the questions this paper
will explore. ' o

In contrast to the relatively restricted classroom, field trips
take place in a more "open'" environment, with fewer teacher sanctions
and more flexible, even potentially different, evaluation procedures.
. In many instances the participant is able to move around at his own

\
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pace, and to explore on his own terms.

David Screven points out that research on the effects of field trips
(he discusses museums specifically, but his remarks can be generalized)
can be complicated for several reasons. (4) For one, the numerous
kinds of stimuli (the so-called'stimulus situation") prompt students of
differing bac ounds, interests, and motivations to react in a wide variety
of ways. Ongbftudent may grasp the primary concepts, while another may
ignore the most important cues, but become fascinated by extraneous
details. If participation in a field trip activity is-voluntary, students
may not devote the necessary attention, time, and effort to educational
outcomes. In many instances, educational objectives must be reached while
students are walklng along a rocky shoreline, stream bed, or museum hall,
where they are free to ignore the relevant. ' :

At the same time, it is frequently dlfflcult to control the sequence
of events students experience on a field trip or to provide feedback to
each student after a particular experlence.

<

One advantage of research in the museum setting is that, in addition
to total learning, gains can be assessed display by display. This
segmentation of the stimulus situation leads to greater control than in
" other types of field trip studies and’ consequently glves data.which are
‘more consistent and reliable. -

The review of literature whlch follows suggests some practices that
‘may improve learner outcomes and polnts out areas of needed research.
Specific attention will be paid to the questlon, "How can the' science
tescher who is planning a field trip optimize the achievement of
‘particular well- defined outcomes?' It will further address a number of
"instructional issues common to all types.of field trips and generallze
research findings from both the museum and field setting.

.FOCUSING ATTENTION ON WHAT IS TO BE LEARNED

As science teachers and supervisors, we have all experienced the
frustration of trying to teach students who are talking, moving around,
or otherwise inattentive. - It is difficult to do. Each student in the
class, laboratory, and field is bembarded by a wide range of stimuli
--sight, scents, etc.--with field trips being payticularly rich stimulus
situations. Of ‘all possible stimuli (the '"nominil" stlmull), the so-
called "effective' or "functional stimuli are thgse which focus
attention selectively and direct behavior in some eaningful way. (5)
The teacher's task, then, before and durlng a field trip, is to devise
ways to get students to focus on at least some minimum set of key stimuli.
How can this be done? '

Specifying Instructional Objectives

Behavioral, instructional, or performance objectives are statements which
describe what a student will be doing or saying under a specific-set of
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conditions; they usually include a-description of the extent of the
behavior that is acceptable. (6) Objectives or objective-like events
‘(such as questions or commands) focus student and teacher attention on
what is to be learned and thus help to weed out extraneous stimuli and
to create "functional" stimuli. Although research on the utility of
behavioral objectives in written contexts is equivocal (7), there is
ev1dence to support thelr use in f1e1d trip and museum contexts

Screven's museum studies suggested ‘that the - teachlng effectlveness
of any exhibit for a wide range of ages depended in large part on careful
specification of desived iearniug outcomes from the ‘exhibit. (4) Thus,
specifying objectives on information sheets focused visitor attention on
key elements of the display and fréquently helped the visitor to make.
critical associations. . These studies also indicated that pretests
{usually objective and multiple-clioice in nature, and derived from the
objectives) had similar posi itive ¢ cffects in orienting learners. (4) Again,
the pretest probably sensitizes the learner to critical aspects of the }
dlsplay, in focusing his or her attentics and transforming nominal stimuli .
to effective stimuli. . ) . d '

Other studies, 'using "programmed. cards“ which gulde student attention
in museums and learning cenrters and provide feedback regarding student
responses, were found to produce significantly more learning than either
low information cards ‘or no feedback at all. (8) Additional research
 suppor” 3 the positive effects of: (a) behav1dra1'objectives (b) asking
questions, and (c¢) "test-like items" in field trip or museum contexts  for
the older learner. (9, 10) ‘ .

Interestingly, Zeaw: and House puint to the critical role of
attentio‘.‘ln concept learning. flT)_ When learners must first. respond
to ‘the relevant features of a dLSplay and then prov1de a torrect response,
the researchers fourd that "it is"not the rate of learning to associate
the corvect responsc with the ‘correct stimulus dimensicn °that distinguishes
bright and dull (students), but rathier it is how long it takes the
attentional response to discriminate the relevant stimulus features; after
this ‘occurs . improvement is unifcrmly fast for both groups." If we can
focus attention, ther~by. reducing the time students search for what is
_relevant, we can increase some types of learning!

‘dvance Organizers

Advarce organizers are written or oral statements that link new information
with concepts tho learner already has. As Novak has pointed out, a properly
designed instructional sequence (the advance organizer), introduced prior to
new information, facilitates learning. {12) ' o

A number of studles with "advance organizer like" procedures indicate
that the nature and amount of advauce preparation that is helpful may be
related to the general ability of students. (13, 14) Delaney, for example,
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gave his seventh-grade pupils an exhaustive introduction to a trip to
Brookhaven National Laboratory, including lecture, slides of existing
exhibits, and tape recordings. Other students went on the trip after
only a cursory verbal introduction. Average and below average students
in the prepared group were found to have benefited from this procedure,
while above-average students did not- significantly benefit from the
exhaustive introduction. Perhaps the introduction served as.an advance
organizer for those students who could not provide this structyre for
themselves. That is, the organizer may be the means for directing
~attention to key stimuli.

The relevant knowledge a person already has appears to inflyence
the effects 6f a field trip activity. Shettel (10) supports thig
contention in his report of the results of extensive museum observations.
Here, college students learned considerably more from exhibits than did
either high school students or adult subjects, with high school students.
learning more than adult subjects Science students learned significantly
more from science. displays than did nonscience students; and casual '
viewers (of whatever age group) without goals or objectives learned very
little. One might infer that those observers who had set goals for
thémselves came to the exhibits with more 1nformatlon which enabled them
to better process the facts and concepts ‘presented in the exhibit. This
information, then, at a more abstract level than the content of an
exhibit, could well have functioned as an advance Organizer. .Screven has
" also speculated from his work that behavioral objectives, test-like
items, and advance organizers may all serve similar functions for the
learner: to focus attention and provide a scaffoldlng for subsequent
learning. (&)

. Motivation

Although little research has been done on motivational effects of field
trips, teachers generally hope that this will be one result of an
excursion. Here Screven's observations (in a museum context) are similar
to those one could make about most learning situations--namely, that
.maintaining both attending and responding behavior Over time depends on the
consequences of these behaviors. To motivate viewe€rs to Spend the
necessary time and energy to learn from an exhibit or a field experience,
the conditions surroundlng both attending and respOnding behaVIOrs must

be p051t1ve. : . :

Glaser (15) speculates that any changes in g display which result
from student manipulation or processing may make the student feel that he.
has a high degree of control and self-management,.,. that he can produce
changes in the subject matter as a result of his pehavior. It ig these
changes, Glaser suggests, which are re1nforc1ng and motivating and thus
foster effective learning.

Many instructional adjuncts can aid the teachers' efforts to motivate
students. These include: (a) object galleries, which permitvlearners to
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manipulate objects, (b) self-paced audio-tape instructional materials,
‘and (c) portable self-scoring devices, and push-button and computer-like
devices. Teachers can increase mbtlvatlon and learning by incorporating
tasks which use written or taped materials, or require other types of -
on-site work'" that students can do successfully. Question and answer
periods interspersed during exhibits or field activities may alsco achieve
motivational objectives if all students have an opportunlty to’ respond and .
to receive praise.

"h

‘ActiveiParticiﬁation

There is con51derab1e ‘evidence to suggest that an interactive learning
situation is more effective than a ‘passive one.

For one thing, inter-
active situations focus attention and require continuous responsiveness

For younger children and perhaps some adults, the field trip provides
.a rare opportunity for tactile experiences. (15)_  In the museum and

 learning-center setting, adding interactive devices to exhibits was

’ to significantly enhance learning. (4) Screven found that-interactive
devices tended to increase visitor motivation, resulting in more time
S -

pent attending to an exhibit and greater effort to master content. :
Shettel (10) also reports that participation increases the acquisition
and retention of information. Though these reports come for the most
part from museum or learning center contexts, they are consistent-with
Glaser's and Lumsdaine's research in other learning contexts. (15, 17)
They also seem consistent with those goals of science curricula that!

include inquiry, science processes, and. the acqu1s1t10n of 1aboratory and
field techniques and procedures.

Analyzing Media Attributes

Field trips are amenable to the same type of "media analysis
other instructional tactic.

to be considered:
outcome;

''as any
In such an analysis, three categories need:

the nature of the display; the response or desired -
and the avallable feedback. Table 1 is not-an exhaustive

analysis of these areas, but provides some idea of the complexity of the
>field trip as an instructional device and an experimental. treatment

, and
some of the. things to consider when planning for particular outcomes

(3
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Table 1. Media AtfriBuLes of Museums,

Visits -

Museums and Learning Centers

Learning Centers, .and Field

Field Visits or T.aboratory Field

Exercises

©

(a) -

(b)

(c)

(d)

" (e)

(£)

(8)

Presents concrete information,
including pictorial, symbolic,
verbal and environmental

structure; frequently, all in

‘one-display.

Displays rangé from the tradi-
tional static (frequently

" structured and frequently

sequential) to the dynamic un-
structured, uncontrolled, and
unpredictable. Audiovisual
characteristics manageable.

Learner responses may be covert
(take ‘place within the learner
and thus not be observable or
controllable by the teacher) or
planned overt responses may be
incorporated in the display.
Pacing of learner response is
regulated' by the display in the
museum.

Feedback can be controlled by

various audio, and punch .board
or computer methods. "

Display ranges from unique to
common in format and content.:

.Emphasis on objects, events and

words., .
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(a)

Presents concrete information,
usually limited to symbolic

.. and environmental structure

(b

(c)

(d)

ey’

(£)

(g)

y

(a total system of stimuli).

Display usually dynamic and
frequently unstructured, un-
controlled, and unpredictable.
Audiovisual chafacteristics -
unmanageable.

Learner responses may be covert,
but planned and unplanned. overt
responses usually take place:

¢

Pacing of learner response is
continuous and unregulated.

0

-feedback generally random.

Display generally but not
necessarily within scope: of
common experience.

Emphasis genérally on objects
and events, »



FIELD TRIPS AS INSTRUCTIONAL METHODS

As one reviews the research on field trips (see Table 2) two types of -
questions predominate. The first, Are field trips more ‘effective than
other .methods of instruction? is partlcularly difficult’ because
instructional methods are multifaceted and really cannot’ be equated

~along many of the critical dimensions. . This inability to -equate .

methods frequently resuIts'in "nonsignificant" differences between the
results of different treatments, or in differences that are difficult

or -impéssible to lnterpret meanlngfully. Another implicit problem
involves the question: Are field trips and museum visits more effective
than other treatments in acgomplishing particular kinds of outcomes? .
Table 2 summarizes the results of eight field trip studies and shows that
field trips usually do n't exceed classroom learning on measures of
knowledge gained or content learned. Thus, these results do not provide

" compelling support for field trips over conventional classroom instruction,
which is better managed, takesﬂless time, and costs less money. That

is not to say that knOWIedge,felated outcomes should not be sought from
field trips, but’ that the major justification for field trips should be
unique outcomes. that arise; from the field trip setting (for example,
interest, motivation, psychologlcal reJuvenatlon for teachers and
students, ard so forth): (See reference 22.) :

A second frequently-asked question is: Are field trips effective

, in achieving a specific set of objectives beyond knowledge? Given a

set of clearly developed content and attitude objectives, and an

“analysis of media attributes, a teacher .is in the position to ask, "What
method seems particularly appropriate for achieving these objectives?"

If "field trip" is the answer, the teacher should design the trip in such
a way that student mastery of objectives will be assured and then test the
method. In cases ‘where one doubts his or her judgment, a control group can
be used. '

At least one study exempllfled thls approach. In a carefully deslgned
study to determine whether four regularly scheduled 55-minute field
trips would influence scientific attitude, Helen W: Harvey found
positive results in favor of the field trip. (18) 1In her study, ninth-
grade students were randomly assigned either to the field trip group. or
to a control group. Field trip students went to "burned” and "unburned"
areas close to the school to study.ecological lmpact while control
‘students spent comparable time in the tlassroom on similar concepts.
What is surprising is that the standard "Caldwell & Curtis Scientific
Attitude Test" registered significant attitudinal differences after
such a short field exposure. That fact may suggest (among other things)
.the impact of the particular experiepce. This study, then, presents data
that other teachers can replicate with the hope of similar positive effects.
A multitude of similar studies, with variations in. thé nature of the
display, the duration, the outcome de€sired, and so forth could contribute
‘to a critical mass of knowledge for future instructors.
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" Two 1nterest1ng studles compared actual field trip experlences
with slides of what the field trippers saw and illustrate what might
résult when media attributés are carefully controlled. 1In the first
study, 100 fifth-grade pupils were randomly divided into four groups:

(a) no instruction, (b) slides of field trip, (c) field trip participa-
tion, é@ (&) field trip and slides. (19) Analysis of posttest and
retentlon est data indicated that students receiving the slide presen-
tation scored as hl%h as students part1c1pat1ng in the fleld trlp, the
combination of the two scored highest. —~ —

In the second study, the outcome measure for both the'slide group
and the field group was information gains in earth science. (20) Over 100
ninth-grade earth science students .were randomly assigned to -two Zroups;
one to go on the field trip and the other to receive essentially the same
content via color slides. Both groups saw the same films on the. geology

of Minnesota prior to the treatments. The findings indicated that both

experiences produced learning, with the field trip being slightly, but
not significantly, more effective than the slides. The researcher
concluded that, YMsince gains were observed for both treatmentsj one may
use either one with confidence." Again, however, the combined treatment
seems to have been most potent. Critical 'questions in both of these
studies are -whether the dual treatments may be influencing ontcomes not
measured, and whether the cost of the dual treatment vs. slides alone

is warranted by learnlngradvantages. Perhaps one or the other component
has positive motivational or attitudinal effects that were not evalua;ed
or that would increase the*® dESIrablllty of the combined package.

Tt is difficult to-tell from the'wrltten reports of these st
whether the slides were shown before or after the field trips in [th&
combination treatments. However,'bne might speculate that when t
precede the field trip, they serve the same function as an advance
organizer, focusing student attention on what is to be learned and
providing a structure for integrating the facts and concepts encountered.

-When slides follow the field trip, they might serve for review. Both

approaches have research supporting them (9), however future research

should explore a wider range of outcomes than those reported here.

Finally, Dennis Sunal.(21) was interested id whether his middle-
school students would learn an astronomy unit more- effectively in the
classroom,_classroom and planetarium, or under control conditions with
no instruction. He found that the combination classroom/planetarium
group and the classroom group made positive .gains from pretest- to
posttest and that. the formefr ‘significantly exceeded ‘the control. The-
control was used to provide baseline data on student performances (that
is, how high would studénts score without instruction).’ Again, this
study suggests that combining different techniques may be a productive
way for instructional desiguers and researchers to move. Interestingly,
Sunal reported that "increased performance in higher order cognitive
and affective goals-oceurred wheén the planetarium visit took place during
the last half of a classroom astronomy-unit." This suggests that other
factors may have been at work. For example, the pretest may have focused
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attention on what was to be acquired, or prior classroom experience
\ may have provided the scaffolding which permitted the planetarium
‘\content to be hooked into existing cognltlve structure~--much as Novak
“iproposes. (12)

Many comparative studies were reviewed ‘and discarded .because the
treatments were not comparable or because of questionable instrumentation -
‘and confusing results. However, these studies taken in combination
with those cited in Table 2 and the museum research point to a number of
steps the teacher can take to optimize instruction and broaden the
anticipated outcomes of instruction from all types of excursions.

. TETT s

Implications for Practice - ) o

«»The sense of the research on all types of exgursions is that they are
important instruct ional adjuncts when carefully analyzed and constructed,
and employed for approprﬂate outcomes. The research reported here
{(and much of the research that was reviewed ‘but not reported) indicates
that science teachers must ask themselves prior to selecting an lnstructlonal
method: "Will this method, in this amount and sequence, under these

condltlons, produce this effect for these types of students. Obv10usly,'
" field trips, slldes, and written materials and general experiehce, in
school and out, have both shor .~ and long-term effects and specific

effects dependlng on the experiiiice. As science teachers, we must seek
to optimize these based on 'the best data available and to choose out-
comes that are unique” to fleld and museum visits.

The research reviewed suggests the following‘generalizations. o

1. "Prior to visiting a museum, learning.center, or other field
setting with the class, the teacher must .become completely familiar with
the site. Professionals in museums and learning centers can provide
teachers with the objectives for each exhibit, the sequence in which
exhibits should be wisited, and ‘some sample evaluation items tied to ‘the
obJectives When planning to visit a geologic site, stream bed, pond
etc., ‘the same careful planning must take place. The teacher must ask
himself, What are my objectives for doing this? How can I structure
the - experience to help achieve these objectives? What unique outcomes
will I be-able to achieve in this setting? What can reasonably be
measured to indicate whether or not I have achieved these ob3ect1ves7
In advance of a field trip, always specify objectives for yOur students, .
or with them, plus ways both you and the student will know whether or. .
not the objectives have been reached. :

2. Provide advance instruction that is related to what will be
experienced in the field. Films, slides, lectures, outlines, and
supplemental reading can all contribute to developing necessary con- |
ceptual structure that students can use to incorporate and interpret '

.field experiences. Students who have this structure should be &ble to-
~acquire, integrate, and retrieve subsequent factual and conceptual’
. . < . . '



knowledge more effectively. The evidence suggests that such advance _
organizers may be most useful to the average and below average student.

. However, varying the type of advance organizer (more detailed vs.

less detailed; structured vs. unstructured; inductive vs. deductiﬁe)

may increase their utility for students of other ability levels. Using .
similar structures after the museum and field trip may. prov1de opportunlty
for both reflectlon -and synthesis. -

3. Focusing student attention on the objectives of a field trip'is
critical. Such objectives shoéuld be provided in advance of the :trip and

- frequently recalled. A pretest administered prior°to a field trip can

also focus-attention, In addition, positive effects on learning can be
anticipated if the teacher has provided written questions or asks ‘questions
orally during the field trip. Other forms of interaction also seém to
be associated with learning, developing lnterest and motivation--such
as mechanical dev1ces, punch boards, and computer terminals. Students
should be prepared beforehand to expect to participate in these experlences.

4. Many of the activities a teacher can plan for prior to a field
trip can influence motivation posltlvely. .For instance, if spec1f1c

‘tasks are called for-during the field trip (such as computing data,

graphing them, or responding to written or oral questions), student
achievement of these tasks will have a motivational effect. It is

critical though that these experiences are of’ dlfferlng levels of |

‘fdlfflculty, so that each student in the class can:find someth:ng to

)

respond to correctly.~~ ‘ . " g ?

5. It is important to structure and sequence the experlence. A
scouting. visit to the proposed site of a field trip will permit the
teacher 'to start developing obJectlves and test items.on the spot.

»"Walklng through'" the proposed site should provide some good guesses

as to what might be the proper structure and sequence for the experience.
The more often aparticular field trip takes place, the more likely the
teacher will be to approach the most effective structure and sequence--
increasing the likelihood of positive but unanticipated outcomes of the
experiences " Keeping a careful descrlptlon of trip characteristics,
instructional strategies, and student outcomes provrdes essential
lnformatlon for future plannlng. ‘

6. Teachers should not be afraid to'grbup media such as slides,
field trips, and so forth to compensate for gaps in the attributes of
one or the other. Again, they should keep track of outcomes. :

7. Evaruatlng the outcomes of a field trip experience is clearly
one of the most difficult of all tasks. First, ObJECthES in the

- cognitive and affective domains need to be clearly specified. Then the

question needs to be asked "What will a student be doing or saying to %
illustrate achievement of this objective?" The answer to this question
should guide the teacher to a wide range of methods for gatherlng evidence.

- Certainly, paper and pencil tests will be useful both teacher deslgned

. . . . - |
¢ . .

‘
@p
e d



-

‘
and standardized, but in addition interview data and questlonnalre data, along’
with check ‘lists of partlcular student performances can all be utlllzed
Measurement of outcomes should not be a 'one-shot" activity. Some outcomes like
content knowledge may be measured immediately. Process activities

(such as des1gn1ng experiments) would have to be.observed over time

and affective outcomes (such as attitude change interest, motivation,

and psychologlcal reluvenatlon) may well require continuous monltorlng.

Even though the literature on field trip effectiveness is not
definitive, both teachers and students extol the pos1t1ve virtues of
such experiences beyond what -one would expect,* given the results of
research at this point in time. This suggests that the beneficial
effects of "out-of-school" learning may not yet have been éxplored or

" completely measured. For example, one potential positive effect which
.does not seem to have been reported is the rejuvenating effects
on both teacher's and students' psyches. The exhilarating effects
of getting out of the routine may well have positive long—term
‘therapeutic beneflts But how do we measure these?
, ; _ o

“Needed Teacher.Research

The studies summarized in Table 2 provide ample evidence to suggest that
field excursibns cannot be justified in terms of time, cost, and dlfflculty
if they are limited to achieving-outcomes similar to those that can be
achleved in the classroom. Consequently, teachers need. to andlyze the
museum or field 'experience, identify the unique characteristics of the
experience and, if they can be expected to lead to outcomes that are
different from classroom experiences, test this out and report the data.
"Obviously, a wide range of data needs to be gathered over the short and
long term, including factual, conceptual and process knowledge, plus

such affective outcOmes'as interest motlvation and attitudinal benefits.

One design whlch teachers in a department m1ght try together is
the following.

A. Field Trips . o B. Museums .
Group 1 ~ Group. 2 v Group 1 Group 2
Randoémly cssign | Pretest ' - » | Pretest
students. to Field trip| No field triplor| Specific’ Omit this
. either group 1 Posttest | Posttest " museum - experience
“or group Z of (A - . | display or| Posttest
the appropriate | , . experience ”
scheme ' . . Posttest

In this design you,randomly assign students from your classes into two
groups, only one of&whlch gets a pretest over the objectives of the
field trip or museum display. (The pretest is included in the. design .
"because it is likely to provide learning cues--a feature which we would
like to have included as part of the instructional package.) Post-

" tests are then .constructed which measure outcomes appropriate-to the

< a . . : 4



Ry i oD O I el

4 t
experience. Hopefully‘outcoméé in addition t nple content will be
included in these measures. At the same time,-dther measures which
might provide evidence of incidental or unanticipdted learning could also
be developed, tested, and incorporated, as well as delayed retention
measures two weeks or longer after the experirnce.

. If teachers around the eountry were to conduct studiegﬂ%f this
type, a data bank would develop which would 1nc1ude' the type of
objectives sought; the type of experlence (field trip) used to achieve
them; the type of students who had the experience; the nature of the
experience; the type of instruments used to measure outcomes; and the
degree to which the outcomes were achieved. Cumulative data of this
type would- aid future generations of science teachers in the planning,
execution, and evaluation of field trip activities.
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Table 2, Summaryiof Research on Field Trips :

il :
' {

HUSEUMS & SCIENCE CENTERS

}butcomes Measured  Effects Found

/

Grade Level ~ Type of Experience

Investigator

Subject Matter

'7th-gréde Physical Science Visit Brookhaven + For average

Delaney, 4. A. : Factual knowledge
(1967) .‘ : National Laboratory; | and below;
‘ - "exhaustive intro- | +-For superior
- duction " ‘ students.

Mahaffey, B. D.

Adult museum

Historic topics

Museun displays

Interest, content

+ Learned more,

(1969) visitors | 1 | more exhibits
‘ L‘ T rated more
| “ ! interesting.

Matthai, R. A. Ages 6-11 Museun exhibits Interaction Wide range + Qutcomes for

Deaver, N. E. . l/ interaction

(1976) J j ; and manipulation,
© (Summary report - f :

of research) . h i

Screven, C.C. Ages 10-30 Skull Studﬂes l, Pretests and objectives Content of exhibits + Pretest and

2,3 | (8 ffects control/over objective
Retention Ttudy b, visitor behavior) effects;

‘animism, : ‘Retention of content + Audio cassette

" shamanism, | | and punchboard;
replication stu- 5 © 2-16 days +-Feedback only;
dies 5,6 ‘ ‘ + Feedback and

N reyards effect.
|
. Shettel, H. H. Adult, college "Man and Hig Tine of exposure, Knowledge gains + For longer
(1973) level, high ~ Favironment' goals vs. casual ‘ viewing;
(Summary of - school displays viewing | + For visitors
. research « {‘ with goals. -
© project) | : : L

~ Sumal, D. W. | Middle school  Middle school | Planetariumfvisit Content + For classroom

| e

(83 grades astronomy vs. classroom or and classroom
| | \ conbination: planetariun
| ,} : - “ visit; No
: | difference

between two'.;y l '

m
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Reed, G,
(1972)

College level L;iAstruuomy

(freshmgn)

concepts

N

Planetarium, celestial
globe plus chalkboard

vs. celestial globe

and chalkboard

Cognitive

- Affective

+ Pre-post
- differences;

No differences
between groups.

OTHER FIELD EXCURSIONS

‘ Bennett,;L._M.
(19%5)

| - Bennett, L. M.

(1966)

Benz, G.

(1962)

Brady, Eugene R.
(1972)-

Tth grade

Jr. High
School

9th grade

General
biology
students

Ecology

Salt harsh
ecology

Earth and
general science

Environmental
concepts

Field ivip vs,
clag room
\

|
|

i

Classroom discussion

vs. field trip vs.
control

‘Field trip and/or

slides of field trip

‘Field trips vs.
media

Factual information
Comprehension

1

Science attitudes

Factual information
Comprehension

Factual content

Achievement
Attitude

Nd differen
betweem treat-
nents; ‘

+ Treatments over -

control on com-

* prehension;

No difference
between treat-
ments.

No difference
between treat-
ments;
Treatments exceed
control on FI '
and C.

+ For slides

and combination;
No difference
between two

- although field

trips scores
are slightly
higher,

Both produce

-attitude and”

achievement gains;
No difference
between two on

- achievement.

3



Falk, J. H. Children age

et al. - 10-13

(1978)

L

Fraser, J. A, High school

(1939) :
 Harvey, H. W. 9th grade

(1951)

Hosley, E. W. 5th grade
(1974) -

density, succes-
sion ‘

Ecology and
social problems

Eco}dgy-environ-

mental education,

conservation

Foliage diversity, Visit to woods--

familiar and un-
familiar to -
students

t
1
4

Trip to Temmessee
Valley Authority

" Field trip to burned
and unburned areas

vs, control

Balance of nature, Field trip and/or

~ environmental

education -

“slides of field

trip

Setting questions

Concept questions

1

Attitudes

"Knowledge

Scientific
attitudes

Bloon's Cognitive

Domain categories

Familiar group
exceed unfam-
iliar pre-post.
No.difference
between groups;
Unfamiliar .~
students did not
benefit from
structured .

' sequence.

No attitude
gains observed,

. Fieldtrip

students made
significant
gaing in atti-

~ tude,

for slides -
and combination;

no difference
between two.
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 Implications for Teaching |
-of Research on Leaming o

~

Is)

- Joseph D. Novak
Professor of Science Education
Cornell University
Ithaca,- New-York 14850

v

Recent advances in the psychology of human learning, together with new

~insights on the nature of knowledge, can now be applied in a significant

way to improve classroom instruction. (18, 19) 1In this chapter, I will
review some selected research studies and show both'what ‘I believe to

be .their meaning for science teaching, and how they gan be understood in
terms of our current knowledge about learning.

Research on human learning is generally divided into three categories -
(1) psychomotor, (2) affective, and (3) cognitive. .Psychomotor learning:
is involved when we learn to play golf or tennis, or to use a microscope
or beam balance. The emphasis-is on acquiring muscle or motor coordina-
tion, although some acquisition of knowledge is obviously.involved, too.
in the examples given. To facilitate psychomotor learning, research shows
that practice is necessary and that "modelling" the correct performance
can also facilitate learning. For example, by first using slides,

SN
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8 -mm loop films;mand mock-ups to teach surgical skills, teachers at R

Cornel% University were able to reduce rat mortality in an animal RS

physiology labdratory from over thirty percent to less.than two percent. (6) . . N,

A;lectlve learning results from psychomotor or cognltlve learnlng,
or when ‘conditions arise that elicit emotions (or affect) within an
1nd1v1du%l; such emotions can be positive (ple351ng) or negative (un-
pleasant \or hurtful). Since the source of emotion is internal to the
individual, affective learnlng is difficult to control, observe, or study
Thus, even though most teachers and reséarchers agree that affectlve
learnlng is important, there is little valid research to guide us ln\\
this area--~a problem to whlch we will return.

*\
Y

By far\the most important function of school learnlng is to foster \ -
cognitive le rn1ng Though knowledge accumulated by our forebears over: A“x
the centurie§ is transmitted to children through various means, schools N
remain an impprtant social invention for the primary purpose of trans- AN
mitting such knowledge or cognitive learning. No one would deny that
schools can,. éhou d, and do offer psychomotor and affective~learning
opportunltles,abut only a minority would say that providing such _
opportunities is their primary function. Since affective learning is a
concomitant of cognitive learning, some important educational issues
are involved here, and these will be discussed.

In the past{décade or two, philosophers OF science (see, for example, -

-Toulmin (3lii_haVe moved increasingly toward a consensus that concepts

.are the most impgrtant aspect of knowledge, and that concepts are

invented by people, evolve over time, and sometimes become extinct
(remember phlogiston?). For our purposes we will:define concepts =

as regularities-in events or objects, which can be designated by some
sign-or symbol. The key idea in this definition is regularity, for -
thls is what humans abstract from their experlence with a variety of
events or objects. For example, the concept "dog'" is a regularity

abstracted from the variety of dogs we observe; Similarly, the label

for the regularity that occurs in green plants to produce food is
"photosynthesis." The task for students is to learn the meanings of

the labels--that lS, to learn more than just the labels for concepts:

The.central question then becomes, How can students be helped to acquire
the  meanings of concepts7 For an answer to this questlon we turn to

the cognitive psychologlsts ]

MEANINGFUL AND ROTE LEARNING

In 1963, David Ausubel published his Psycholggy‘of Meaningful Verbal
Learning. . This book, and later expanded expositions of his ideas,
provide us-with a cognitive learning theory that can be used as a basis °
for designing and interpreting research in science education. (4, 5)

"The most important distinction Ausubel-makes is between meaningful and

rote learningl Meaningful learning occurS'when new knowledge is linked

- w i
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to relevant existing concepts in the learnmer's cognitive structure.

Rote learning occurs when new knowledge is arbitrarily incorporated into
cognitive structure. Since the degree of meaningfulness is dependent /
on the degree of development of relevant anchoring concepts, the . /
meaningful/rote distinction falls on a continuum. - For example, we can /
deflne diffusion as /''the movement of a substance from a region of higher )
conceltration to a region of lower concentration due to random molecular !

: motlon." However, the stud .. who does not already have concepts ‘of .

"concentration" and "random wolecular motion'" cannot learn this
definition meaningfully and must resort to rote learning. Typically,
students have some limited development of these concepts and thus are
capable of meanlngfully 1earn1ng the definition to some extent._

How should concepts be presented to 1earners so that tney are
learned meaningfully and not by rote? Here teaching strategies become
important. Ausubel makes a distinction between learning by reception

teaching and learning by discovery (or inquiry) teachlng T . reception
teaching, we present knowledge to be learned in more or le: - inal form,

and we define concepts (regularities) for the student. 1In c.atrast,
inquiry or discovery teaching requires the student to extract relevant
knowledge and/or regularities from objects, events, or records. In

.practice, truly autonomous discovery learning rarely occurs, and the-

reception-discovery distinction also forms a Contlnuum (These ideas
are shown together in Figure 1.) :

Ausubel aléo'suggested"that advance organizefé could be used to
facilitate meaningful learning. These afe more general, more familiaj

learning tasks that can be easily related to what the learner already
knows, thus serving as a kind of '"cognitive bridge" to help relate .
specific new knowledge to existing relevant elements in the 1eaﬁner’ _
cognitive structure. An example of an advance organizer would be when
a botanist says that a flower is '"a modified, compressed stem, .with
primitive flowering plants . (such as magnolla) showing more stem-like
features and more advanced flowering plants (such ‘as sunf10wers)sh0w1ng :
no stem-like features. This advance organizer will serve as a good
cognitive bridge only for students who. have an adequate concept of
"stem" and who know what magnollasand sunf10wers are. T

We begin to_see in the above examples ‘that the psychology of leoruniung
is very much tied to how knbwledge is organized and how new knowledge
is made. That is, our researchzand experimentatio. - ith new teaching
strategies have led us to the necessity for explicit consideration of
epistemology.

. | " KNGWLEDGE\ IN SCIENCE
To help understand how. nowledge is made in science,.we suggest using
a graphic picture developed by Gowin (8) and shown in Figure 2. At
the base of Gowin's "Epistemological V" are objects and events; these
are what ex1st or are made to happen (as in an experlment) in ‘the real




world. Everything else on the V'is invented by people. In mathematics,"
even the objects or .events are constructed by the mathematician.

Figure 1. Reception and discovery learning are on a continuum
distinct from rote learning and meaningful learning. Typical
forms of learning 22 shown to illustrate representative
different '"positions' in the matrix..,

.MEANlNGFUL é Clarification Well designed Scientific ?esearbh
'LEARNIMG {. of relationships - audio-tutorial New music
between concepts “instruction or architecture
“ Lectures or ' ' Most routine
most textbook “research” or
presentations - intellectual
\§> ' production
0y School - )
_ o ' laboratory
work
e 'Mdltiblication Appljing formulas . _Trial andverror
ROTE tables’ to solve problems “puzzie” solutions
LEARNING <= e : . .
o ) .GUIDED " - AUTONOMOUS
o RECETINAY DISCOVERY ~  DISCOVERY |
. _ LEARNING : LEARNING
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Figure 2." Gowin's EPiStemologiCal ny, ShOWing relationships
between events or objects:-and the coneeptual-theorerical and
methodological factors that lead to understanding of regularities
in events or nbjects. i B

| Episteméloéi'cai “y”
Conceptual- .
Theoretical - ' Methodology
| \ o Aéti\/elnterpiay - / |

Claimns

Relevant \
fvalie Know|gd"g e

Theory

Events
Objects

Most science teaching places inordinate emphasis on’the "knowledge
claims" that come from scientific research. Seldom do students see hoy
these knowledge claims are re.ated to actual events, and rarely are
they shown the constant interplay bétween EQEEEREQ and theories (the
l&fr side of the V) and those elements shown on the rigFE—ETEE_of the v
) namely: facts (records of events or objects), ££§E§£2£E§§_£259£§§ ‘ v,
(e.g., graphs, tables)y and know:.edge OL value claims. Sometimes
knowledge and value claims are not distinguished; value claims are the.

pOSiti{€ or negative personal or social valence attached to a Knowledge

claim (for example; "penicillin efiectively destroys many bacteria' jg
<43 knowledge claim, but '"penicillin represented a great preakthrough

in health care'" may be better classifigd as a value claim) .
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Laboraxozzuszstru“ior ~nd suo =quent discussiop are-thd best \

Yy s to‘helge way n?s app v heur%stlc to see how science works
(this, bY t > 1s a1 v lue claim). Laboratory is where we B

ect, ake records of these, \

- 1t should be \

: ¢ that ye ound indj ] Lo

Dolnted u events bCOUld b;mply go EZ soi lndlSCrlminately QbSEIVLng \

) . t : . i . . ;

Obsects he of Sheu in practice £ leéntist js yery seléctive \
fhant what

b  That 1S, the sciepr:igr is guided '
\pk'S which Suggeg, Serves entist is gul by

. Fe .
of Tecorde ,What kind of ezjzts O objects to observe and
. oS formatlons of r
gcientistg .(and trans ecords) to make.

A inve ew concePts Or setg ' theori
many Dew kno;‘~535 new result., F of concept§ ( ries)
‘he concept ledge claims be - example, when Mendel

£ Of ngycror' to 985CTibe the trajrs of pea plants
Science of genetics was bory E

kinds
imes
Ml 500“

iqvented .
he yas observifig, the

Many
! Mapper-
Parricula

s?::izss do lapgratory work in a highly routine or "cookbook"

Ifdata t%hx they are doing ? Particulay thing or recording

L We gaveey Usyally respond; because the 3ab manual says

to do 59 ion withoPSErved rePeated%yhln both students and teachers

a preoccuP?®i TN "moying up the TLENT Side of the yr--that is, wich

eco?an;fo 3Phs, or tables; with doing grapjgrizal analyses or

tr (o rminp data; and with maklng knowledge claims. Very

ent® TeSearchers) ask, "What concepts gyjde me to observe

ask, "y ts; whatﬁconceptz guide.my‘record transformation?™

s Ow do thesé knowle g; ‘lalms tally with the concepts

occur b ab work?” (12) dT‘? aCtiV_e int,erp]_ay of thinki‘;ng

that shoUl' b resu]_te‘-:ween the left Wan rlght halves of the V rarely
Occurs- - hio anyth-ls that knowledg® clalms are pot geen by students

. as related'd bec i0g (certainly nct tO concepeg they know), aund
"Sgjence StY X 28;mes what Schwab called Mmemorizing g "rhetoric of
QOﬁclUSions'

. oful le N short, StUde“t5>bec°me enmeshed in rote rather
thyq meanind arnjn : .

"Tuqung ;Zeﬁhe Tesearch literatur® One sees that the most fruitfyl
StUdies‘haveith ththose which can nov be.lpterpreted to bear on issues
associate WrCh bue facilitation of meaningfyj learning. ?For example’
Tecent resezor é z ROwe has shown that tEECherS.typicallyiwait less than
Ope secon & Th_eseSponSe from a studﬁﬂt after asking a question. _
(1,24'25’2 rote © Shopr myait-times TeSult in 5 ,.¢rern of questioning
that favors ati’“verbatim recall cf textbook StatementS OT teacher-pre-
Septed infotﬂ;geoP' 0 the course: of meaningfyj learning, incorporation
Of new K0 wlzificlnFO Copeepts the 1earner already hag, results in a
Ngcessary mo her atign of the knowled8? learned, As a’consequence,

When the teaiiﬁé)aSks a sbécific question (which most teachers ask

mogr of the ires Yetrjieyagl of an

legrning reqUstes ace;

acceptable Tesponge after meaningful
than a second: Rote]

lve thought, and this takeg time--usually more

tructure Y- learned informat?on is Stored arbitrarily in
CognitiVe .2 ition ¢ is not substantively alrereq  Thus, rotely
legrned ?ng been T {altpough seldom rscailable three to four weeks
Ear . i'eve a most _'
LAl e s retrle€: ) as ex. and ans
ngnapp=d" bac d) 1 a reflex, wers

k at 5 teacher. dlscOurse~between a teacher and

a
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students is observed, we find that when "wait-time' jg ghort, moSt
questions require essentially rote recall of some fact or definitoft:
Student responses ceflect this in that they may be "exactly right" or
totally "wild." grudents who do not have the rotely learned answer  the
teacher desires girab indiscriminatgiy for 'knowledge birg in thelr
cognitive structuyre and do not seék responses that "make sense.”

To_experiénce for yourself how this works, try asking in rapid
successlon three or four questions that typically eljcit'rote recall
responses: "What is thé green pigment of plants?" or "yghat iS the
boiling point of yater in degrees Celsius?" Then ask g question that
requires a response based on meaningful learning, for example, 'WhY
do we consider the temperature of a substance to be g jndication of
the kinetic energy of its :"»iecules?" If you tape-record two OF Fhre?
such episodes, you will begin to see why rote learning can be satisfying
to teachers and students who like snap answersS, and hoy uneasy the
classroom atmosphere becomes when a responseNdepends upon meaningfUI
learning. There ig no way a teacher can elicit rapid (one gecond OT
less) responses from a class if questions are intended to require @
response based on meaningful léarning.

. Throughout the 1960s and into the 1970s, ”dis"'COVery" or "inquiry"
: approaches to learning have been widely acclaimed. gpe might assume

that there was an overwhelming body of research to support discovery
teaching approaches over more structured lezrniug or reception-teazg}ng
£ is -

approaches. 1In fact, what little research has been dopne (much © 1
is of relatively poor quality) shows that structured learning usu@ =y
re§Ult5 in bett®: student achievement thawn inquiry oy discovery apProachg

Shulman and Keislar's report of a conference in Learning DBY%

Discovery summarized the status of knowledge on learning by discOVery,

and not much has been added by more recent research reports. (27)

Some studies are cited in recent research reviews (10, 17), and an

cxtended critique of research on discovery methods is’included in the
second edition of Ausubel's 1978 book. (5) Rowe points out that

ﬁTeaching Students how to make better use of conceptsg ;ﬁgz_ﬁi££§92~5$2¥
probably represents the major task to be accomplished in inguiry tF21fing o
We will address this issue in a later section. What geems evident 9t

this point is that not all discovery teaching approaches resul® %
-meaningful learning, and that reception teaching apprpaches need ?Ot ?e
restricted to rote learning but can be highly effectiye for facilitation
of concept-based, meaningful learning. :

The use of clearly stated learning objectives cap facilitate

i studgnt learning, at least in those cases where the lezrning obje§tlves
are designed to serve as -advance organizers. (13,22) yowever, this

is not always the case, and if the learning objectiyeg are not
initially meaningful to the student, or if evaluation requires rote .
(verbatim) recall of information, -learning objectives seem to serveé 0o »
useful purpose. Since most studies on the value of legrning obj:actl"e‘S

dec not consider the psychological bas!. for meaningfyl learning dnd/or

"
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the neeq for problem solving or gimilar evaluation of meaningful learning, j¢
is'nOt Surprising that Tevieyg - research on the valye of learning
ObJeCtives ngre, to $aY the leage, ijnconsistent." (7)  ynfortunately,

much Tese,ych on gscience teaching is not based on any cognitive

learnjpg theory and henceé doeg ¢ help to advance ouyr ypderstanding
OfninstrUctional practlCes thay g cilitate meaningfy] learning.

) Audiq_,yrorial iQSErUCtion’ where students are Carefully.gQidEd

in the Styugy of 0bjects OF eve ' 'py the use of audio-tapes, slides,

8~mm 100p f{lms; and printed materials can lead_both to enhanced learuing

and tg Positive stUdGHF attitUdes. (23) Effective ingpyycrion for

€O8Nitive yegrning 18 *N€Vitap) o ,ccompanied DY positiye sffective .

€XPerience for most students, Wwe have found audio-tyugoyja) instruction

to be high, effective with chijdren (11), junior high gchool studenas.(9)’

. and dollegeystudents (6,513,307 g well-designed aud:, o rorial
1nstruct10n students are 8Uideq in observation 9£ objecrs and events

and enCOUraéed to apply relevay, concepts they already pi . c» make

rec0rds’ to trans form records’ and to arrive at kﬂ0wle459 niaim‘: '

Learning objectives and othey advance organizers arve (goq po favilitate

linkage of Jew knowledge witp existing relevant cenceprg. plthough

much audio-gutorial inStructjoy ;4 closer to ths recipne;an reacning

end of the continuum than tq digcovery teaching, some ;.pivities aund

reiited.Project;Work do alloy, Opportun;ties for disCOVery ieauning a3
we . ' '

COGNIT Vg ’F‘UNCTIONING

For reasong which I have SPelleq out elsewhere (19 20) | the evif?ﬁfe
seemg OVeryhelming that Children vary widely %H.Lhé rate at which Fuey
develop Concepts: F”FthQr’ the level of cognitive funcrjioning -hat

a8 Ppersgp can exhibit 1¥ Primaril dependent 1ipor the adequacy cf those
§R§Ei£i3311 relevant Cd0cepty o individua. E?SSGGSes and the weghce
to which these concepts are ingegrated into 3'?Lghef~0yder1 celev. e,
?Oncethal framework' Thus’ Stydents will faii te congrg varables
e the "Pendulum problem if they lack strong conjeptg of momsn;gm,
angulay Nomentum, weightfa Mass, and period of OSClllac,igr" and it
these COncepts are not 1ftegra 4 into higher-or§er ceacepts o
?onserVatidn“of mass-€nergy. p_ . for simple science phenome:id, 1t ls
ricredibie pow many dlfferent concepts must be brought tq pear : any
given Set of events to make Sense" out Of,the ?bservéd events . Given
Fhe tenden., for most Studentg to learn most scleuce cgoyrenr by rote,
1t is nop surprising tha; the cracept development'and integrat *"
necessary for demonstrating formal operational thlnking on Frsgetian

tasks ig not exhibited By 30 ¢/ 70 percent of high schogy ana college o

Students

Rote jearning 18 PaCticuly,jy likely to OCCUT where much new
terminolog is gntroduced. Ney, terminology Provides 1ape1s for new
conceptg If these labels arq not connected to the objecys, events,



or regularities they s’ zuify-- tp more inclusive relationships, they
do not acquire the status of a cowr2pt.  In view of the fact that most
high schooL biology courses introduce twe to four times as many new
words -as a foreign language course ii is not surprising that students
become overwhelmed. The only major solution to improving the thinking "
ability of students appears to be to improve dramaticallv the extent

of concept-cencered, meaningful learning.

Is there any evidence suggesting that students can be taught how
to "think better"? I believe the answer is a qualified yes. Two studies
by Linn and Thier and others (14,15) seem to show that in addition to
learning concepts needed for problem solving or for interpreting problem-
solving tasks, there is another possible strategy. Our current research
is focused on combiiing strategies of teaching meaningful science
concepts with strategies for helping secondary and college students
understand the philosophical nature of concepts, together with some
knowledge of the psychology of learning.

We are beginning to gather data on the potential value of the V
heuristic for guiding laboratory study. 1In a college genetics course
offered in spring 1978, most of the students were successful in writing
laboratory reports which indicated that they could relate the claims
they made from their experiments back to the events or objects observed
and to ralevant concepts ~r theory elements. A research study with
junior high school students is planned for 1978-80. We hope to use
Gowin's V to help students under: =d the cruciai role concepts play
in "making sense out of the worl ' Sometime in the future it may
be possible to present validated ciaims that by applying learning theory
and philosophical zuidance one can achieve qualitatively significant
improvement in students' understanding of science, ability to apply
scientific concepts to real world problems, and attitudes toward science.
We know that motivation to learn is best sustained shen previous efforts
have been successful. Meaningful learning of science leads to intrimsic
motivation to study science. It remains to be seen what progress can
be made to facilitate meaningful learning in the coming decades.
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Helping Handicapped Youngsters
Learn Science by “Doing”

By

Dean R. Brown
Professor of Science Education
Departmunt of Education
Colorsdo State University

Fort Coilins, CO 80523

If you can look into the §eeds of time and say
which grain will grow and which will aot ---
then speak ye to me.

-~ Macbeth

Who among us has the wisdom to predict which students will succeed and
which will not?. Are careers in science possible for the physically
handicapped? Does a physically handicapped student-learn differently

from his or her peers? What teaching strategies, materials, and equipment
will heip the deaf, blind, or crippled students in our classes?

* The purpose of this paper is to.examiné these and other questions
regarding instruction of physically handicapped youth, K-~12, in science.
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Though research findings are few, summaries -of several recent national
conferences on teaching science to handicapped students suggest what
must be done. 3 :

t

A Matter of Attitudes

Handiéapped'persdns have often mistakenly been thought mentally deficiert.
Obviously, with such a prevailing social attitude, it has been exceedingly
difficult for many physically handicapped individuals to even consider
becoming scientists..

James Gashel, diecuséing career barriers and discrimination against
the handlcapped, reveals that in ancient times disease and disability
were ascrild to bodily possession of evil spirits, and disabled persons
‘were often destroyed. (21) In ancient Rome, drowning of defective children
was sanctioned; baskets were even sold in the markeiplace for this purpose.
Any such children who survived were sold into slavery. Gashel,himself a
blind scientist, further adds that "although we have advanced far beyond
the ancient customs, our progress is definitely not complete in the trusst:
sense. We are still yesterday's victims.'" When one stops to think about
it, most idioms which refer to blindntss and other handicaps carry with
’ them suggestions cf inferiority, incompetence, and stupldlty ("blind
choice,”" "blind stupor").

EAW—=N

Careers in Sci=nce for the Handicapped?

Handicapped students are still being.turned away at both the under-
‘graduate and graduate levels of training. If you find this unbelievable,
I suggest you refer to Gashel's paper. (21) But the handicapped can

do science. A three-year survey by AAAS to "find" disablec¢ scientists
recently reported that the Resource Group of Disabled ScxenLlsts now
numbers over 700 persons. (1)

Robert Menchel, a member of this group and a senior physicist for
Xerox Gorporation, has been deaf since the age of seven. Recently, he
completed a year’s leave from his job, in which he served as a '"role model'
for the handicapped. (37) During this time, Menchel visited 25 schools
in ten states, and observed a lack of science education for the deaf
at the elementary and secondary levels in both special and public schools.
He says,

The lack of development of a basic science curriculum from
kindergarten to the twelfth grade is a pnational disgrace

and one that puts the deaf child at a disadvantage in com-
parison to the non-handicapped child. Furthermore, these
students are still being pushed into stereotyped job roles
and dead-end jobs. For the female students it is even worse.

i~iin ¢! sncourages us to scek out handicapped scientists in our own
»~uni., and to use them in our classes as an untapped souxce of help
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and ideas. Role modeling will not only encourage the handicapped in
our classrooms to high aspirations, but will serve well to create an
awareness of the abilities of the handlcapped

Government and private funding agencies have sponsored some
projects with the objective of improving careers for the handicapped,
and will, it is hoped, sponsor many more in the future. Joanne Stolte
is the project director of one such program entitled, ""Science Career
Development for the Deaf," the aim of which is to develop a science career
development packet deSLgned ‘especially for deaf students. (46) The
- packet will consist of film strips showing deaf scientists at work and
interviews with them, plus career information that makes it clear deaf
students can and should learn science content, and develop pOSltlve SN
: expectatlons regarding science as a .possible career. : \\\‘
Neal Berger has completed project SCI-PHI (Science Career Information
for. the Physically Handicapped Individual), a project which provides
useful information on about 210 science-related careers which would be
valuable to anyone, disabled or not, though the target population is
" junior high students through adults who are orthopedically, v19ually, or
hearing impaired. :

Judy Egelston Dodd reports an intervention program designed to
prevent occupational stereotyping by deaf students. (13) Robert Rehwoldt
-a post-polio handicapped analytical chemist, received funding for an
innovative summer project (1978) at Marist College in New York. His
program not only exposed students to scientific methodology in a :
comprehensive science program but also gave them the opportunity to live
on campus and be exposed to successful college students and scientists
who are handicapped. (41) It is Rehwoldt's hope that the 20 physically
handicapped high school junior and senior students who participated will be
able to accurately judge theLr own interests and abllltles in .science and its-
potential as a careér.

Who Are the Physically Handlcapped Youth?

Based on 1978 population data,several government agencies estimate that
there are between six to nine million youth between ages 5 and 18 with
some type(s) of handicapping conditions. (23)

Approximately 0.6 to 0.8 percent of the school population (or 330,000
to 440,000 students) could be identified as having enough hearing loss,”
to be classified as hearing impaired. For the purposes of this paper,
"hearing impaired" will be used to include the entire range of auditory
impairments, including both deaf chlldlen as well as those with a mild
loss.

Approximately 0.1 percent (or 55,000 students) could be classified
as having visual impairment severe enough to req ire special educational
services. As with terminology used in other areas of handicapping,/there
is much confusion in the words and concepts relating to persons w1th visual
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problems. (8) Barraga defines a visually handicapped child as one
whose impairment interferes with optiwal learning achievement, unless
adaptations are made in the methods of presenting learning experiences,
the naturc of the materials used, or in the learning environment. (3) T
the verms "visually impaired" will be used to include the entire range

of visual problems, including the totnlly bllnd child as well as the one

wlth a mild visual loss. Y

Orthopedically impaired youth represent the most diverse and heterc-
geneous group of the physically handicapped. This group includes, for
_ example, those with: cerebral palsy, muscular dystrophy, poliomyelitis,
arthritis, osteomyelitis, congenital heart defects,; clubbed hands and
feet, abzence of arms or legs, hemophilia, asthma, diabetes, allergies,
epilepsy, and spina bifida. Approximately 0.5 percent (or 275,000 .
school-age youth) could be considered orthopedically impaired.

Attitudes and Self-concept

Herbert Hoffman, a research scientist who has ccrebral-palsy, expressed
his feelings about the isolation of the handlcapped_ln a paper entltled
"The Price of Belng Born Dlsabled." (28)

When one is born with a disability severe enough so society
shoves him into a special-program (which non-handicapped

people develop), one becomes separated from 'mormal" persons.
All through his school years, he learns from other disabled
students, and the teachers design studies to fit the limitations
of his physical handicap....

Handicapped persons do not want to be treated Hifferently. Judy Hoyt,
the mother of a son with DaSth cerebral palsy suggests that the most
important thing .to learn : worklng with the physically handicapped is .
that they want to.be treated like other people (30) "Normal" people
‘need’ to learn how to live with the handlcapped person. The tendency

- of adults is to feel sorry for or try to overprotect children because
of their differences. The key is e_pathy, not sympathy, she stresses.

Greg Stefanich, a science educator who was orthopedlcally handi-
capped by polio as an adolescent, points out how essential it-is for
everyone to be accepted, to be included and allowed to support and
inspire others. (45) It'ﬂs so necessary for the regular classroom
"teacher to understand the /influence of his or her attitudes on those
of 'both. "'normal' and handlcapped children. Similarly, physically
impaired youth must be helped to realize how their handicap w111 .affect
titeir interactions with otherc.

»
I

Mary Budd Rowe examined several research studies about caring in ;
a paper entitled '"Teachers Who Care.' . She found that students consistently . et
ranked teacher caring as important to achievement. (42) Teachers who care seem
to expect that all their students can learn, and try to see that they do.
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They communicate positive expectations in ways that seem to be contagious

for students. What effect would such expecratlons and demands have on

physically ‘impaired students7

Jchin Gavin, a phys1cally impaired researchwscientist,
of .us who have no apparent visible disability: (22)

One of the least desirable traits of the human condition

is our propensity to avoid those among us .who are afflicted'
" with overt physical, d1sab111t1es. While this may be an in-

herent psych01001cal ‘carryover from those days of survival
of the fittest, it is more likely we do not wish.to have’ .
a reminder that we are potentlally and continually eligible
to join them. As a result, we hide our disabled veterans,

'Jur accident v1cU1ms and those suffering from birth defects

in institutions of one sort or another depending upon
severity and/or aesthetic nature of the defect.

!

Handicapped Education: An Overview’

and Weishahn descr1be how, with the advent of public school

~-beginning of the ZOth century, special classes for disabled

the -

i Until the early 1900s’ the handicapped were eliminated, ignored, made
' to work as indentured servants, or put into institutionms. (23) Gearheart

s at the
youth were

often utilized. -Although special classes may have been useful to some

students, the idea was misused and overused.
i ove

Walsh notes rhat the exclusion of handicapped youth from public'»
schools resulted in ipferior education fcr them; there is strong evidence

that this is partlcularly true in science educstion. (52)

~conducted by the AAAS‘PrQJect on the Handicapped in '‘Science beginuing in
11975 and also by the Science for the Handicnoped Association in 1976

A survey

.cautions thcse
~— .

confirmed that the mabority.of handicapped students ‘in private and public

schools simply have'nbt been exposed to science teaching. ¥

52)

With the advent of Publlc Law 94-~142, The Euucatlon for All

Handlcapped Children %ct of 1975, and SectJon '504 of the Rehabilitatioa Act
~of 1273,~except10nal thlldren are guaranteed the right to receive high

quality education in the ."least restrictive setting." This

legislation

requires that students be placed in regular classrooms, mainstreamed

for an optimal perlod‘of time .each day, or placed in '"the most approprlate

situation for each ln 1v1dual "

Teacher Preparatlon ahd "Mainstreaming"
, I

In a national survey recently cempleted by AAAS, over 300 t
identified as having taught science to handlcapped children.

character1st1cs glves us insight into what probably must be.

'what still has to- be researched

eachers were
(1) The

i
v
majority of these were ele entary teachers. 'An examination of some program

-done and //
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-~~"human being to another. - : < /

One of the most unique programs is the small, mainstreamed

multidisciplirary program developed for children between the ages of
'S and 11 at American University in Wash ngton, D.C. (26) In this
program, Doris Hadary, a chemistry professor, has developed a highly

successful model for mainstreaming which comblnea a number of .elements
viewed as essential to the success of any;program: fraining pre-service !
‘teachers in methods of teaching laoorato:y science tp the deaf, blind,
and ‘emotionally disturbed; combining scierce and art to stimulate.
creativity based on inte*attlng with natural phenomena, developing and
Lmplemcnting a six-year science and art curriculum in a mainstream setting;

~nd testing and evaluating the program. The success of this plan for

' ma instreamed strdent seems to result from the Ealrlng or coupling

I

Bﬁndlcapped with/ non-handicapped. For instance, the sighted member
team can tran&late visual experlences to his or her blind peer,

s can zain undenstandlng ‘of concepts through touch .and sound, while . _°
tugother this '"team" can, for example, graphically plot results of the x»
svBeriment. (27) Evaluation of achievement, based on- results of )
cognitive tests, observations, and questionnaires shows that handicapped
students did as well as their non-handicapped partners in this® malnstreamed
setting. (35)  Hadary observes that after working together; the "normal"
child sees the handicapped child as <'mormal,'" and they then relate;as one’

!

Several notable efforts toward malnstreamlng should be noted.

Berhow and Foughty implemented a science curriculum for 13 handlcapped
kindergarten children in,Devils Lake, North Dakota. (6) Five children
had hearing impairments, three were visually handlcapped and the

remaining five Had impairments including muscular difficulties, poor
motor skills and coordination, language problems, and -learning disabilities.
Based on observatlons, the.authors concluded that existing science
curricula could be sucuessfully adapted to meet the needs .of the
 physically handicapped. The children looked forward to "science time.

Activity-oriented science “enhanced vocabulary and motor skllls. Self-
concept also seemcd to improve.

-

At the other and of the school-age spectrum, the Kellers in West .
Virzinia reported successful implementation of an integrated field
program in marine science for pre-college students with multiple types .
of handlcaps\ (31) Supported by the National Science Foundation, the ; Mg
primary objective of the program was to introduce outstanding handtcapped
‘students (blind, deaf, and orthopedically impaired)-to marine science.
Ten separate tests were administered, in oral or writted form, to determine
‘the student's average academic performance level. The two partially blind
students ranked highest in cognitive performance followed by the partial
_hearlng students the totally blind, and the profoundly deaf, respectively.
‘(There was some question in the investigator's summary as to whether the
testing procedures may have been biased against the profoundly deaf. )
A very positive aspect of the program.was the extensive paLrlng of nelpers
and the peer interaction betweén participants. Most noted was the
interaction between deaf and bling in the laboratory and the deaf guiding

<
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the blind in field experiences. 7 A o

"Instruction of the Hearing Impaired

"What are some of the major obstacles faced by the hearing impaired?

What does research say about strategies for teaching science to such
handicapped youth? Up to the present time, there is a dearth of research
on how hearing impaired students actually '"learn" science.

Julia Davis reports that one of the manr problems of the hearing -
impaired is language development. (12) As he or she matures, the hearing
impaired child demonstrates an ever-increasing gap in vocabulary growth,
concept formatlon,/and ability to comprehend and produce complex
sentences. Because language, speech, writing and reading pose such major
problems for these youth, content areas such as science and mathematics
receive low priority. Donald Moores suggests that class time designated
for academic subjects is often devoted entirely to ‘speech and language
remediation. Since most teachers of the hearing impaired have not been
trained in subject matter (just as most science teachers have not been
trained in special education), the tendency to sacrifice content is
increased. (38) Hans Furth's criticism of education for the deaf deals
.mainly with this intellectual neglect. (20)

Science, in particular, seems to be neglected, despite the fact that
it may be helpful to language developmenf. Bybee and Hendricks
conducted a study emphasizing language growth through science instruction
with seven preschool deaf children using Science Curriculum Improvement
Study and Elementary Science Study.(10) They believed science could be,
used as a means to develop vocabulary for hearing impaired children
since materials and experiences should operationally show the child
differences in the meaning of words. Begiuning with "shape words"
(such as circle, square and triangle), the children were provided with
cutouts which they were to identify. Other words which were demonstrated
related to color, size, texture, three-dimensional objects, and plants
and animals. After ten weeks of such word and concept building, a
formal evaluation was undertaken which required application of concepts.
The authors concluded that direct experience with objects is essential
and that utilization of objects from a child's environment enhances his
or her learning of concepts. (10) Modern communication specialists
use similar experiences with youth who have speech and language problems. o
This study reinforces Babbidge's observation that traditional language
remediation based on rote memory has failed. (2)

Logic and 1anguageldeveloped in the context of science experiencés
seem. to be especially helpful for deaf students, according to Mary Budd
Rowe, who feels that these students can profit from a somewhat prolonged
exposure to directed experiments designed to focus attention on patterns
~of interaction—in-physical—-and biological-systems7 (43)~The process— — —— == 77"
of discussing and arguing cver the interpretation of experiments helps
hearing impaired students develop more elaborate forms of thinking.
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Early success in reasoning about what they observe and how systems
respond to manipulation appears to act as a catalyst. Through shared
experiences in science activities, hearing impaired students develop
abstract science concepts--provided they are forced to argue'and
converse in the same way that has helped development of the non-impaired.
Language grows in the context of verifiable experience. In sclence

‘the teacher infers what students are thinking by "what they do" as much
as by "what they try.to say. In laboratory settings teachers need to’
make sure that any changes in procedures are lmmedlately communicated
to the hearing impaired. Mainstream laboratory or activity ‘learning
often happens when some student working with materials finds something
and the phenomenon'"spreads" through the class by talk and emulation.
The problem is to arrange a ''signal" system for deaf students. (43)

Boyd and George conducted a study on the effect of science inquiry
on the abstract categorization behavior of 26 deaf students between the
ages of 10" and 13 at the Ryan Institute for the Deaf. (7) (Three of
the children were moderately deaf and the others profoundly deaf.)

The students were divided into an experimental and control group, and
pretested with the Goldstein-Sheerer Object Sorting test. Ten weeks '
later, after exposure to science lessons, they weré posttested with a
different form of the instrument. The sorting test measures two distinct
types of conceptual categorization behavior: free sorting behavior by the
student and compliant categorization behavior initiated by the examiner

and identified by the student. Items consist of 33 familiar objects
(such as sugar cubes, bicycle bells, -pliers), plus abstract categorlzatlon
objects (such as numbers, color, form material, and class) In each

instance, the tester asks the child to identify categories used to form
the groups. The experimental group participated in 30 inquiry lessons,
each a half-hour in length and designed to increase classificatory skills
through physical manipulation of objects. The control group continued-
the regular course of study at the Institute. Evidence gathered from
statistical analysis of pre- and posttest results indicated a significant
difference between the groups. The experimental group made a statistically
significant gain over the:. control group in compliant categorization behavior.
The authors imply that deficient categorization behavior in children who
are deaf is not irremedial; deaf children can develop conceptual systems
of categorization through experiential enrichment; and difficulties in _
language acquisition may be, in part, related to deficiency in bheing able
to acquire categorical systems that underlie language. (7) The suggestion
by Furth, that the deficient behavior of:the deaf in classification is the
result of restricted experiencés in early life is clearly supported by the
results of this study. {19) In short, deaf children appear to receive
too little stimulation coupled with appropriate language. Scileunce
instruction which is based on activity of students, and which provides
direct experience, may be an especially 1mportant means for lntOllectual
development of deaf and blind students.

Dorls Hadary has developed a comprthens1ve sequentlal laborator; science
and art curriculum for deaf elementary children. (25) This interdisciplinary

87

98



curriculum is based on cognitive, intellectual, and language development
for the hearing impaired students in the program. Experiments

emphasizing discovery (selected from SCIS, SAPA, and ESS) were utilized
with 20 profoundly deaf children, ages 6 to 11, who used different modes

of communication, including cued speech, oral (llpreadlna), and total
communication (sign language and voice). The hearing jimpaired students
were bused three times per week to. regular, mainstreamed classrooms

for rwo-hour sessions of laboratory science and related art lessons, whlch
not ouly "internalizes the science experience, but prowides the student
wvith a -means of communicatiag his or her feelings to peers and to

the teacher." 1In Hadary's pvogram, adaptation involves changing audltory
observaticns to visual ones. For example, vibrations of strings and

tuning forks are transferred to water waves and sand movement. Language
cards are given the chlldren, as they work in teams in the latoratory,
which identify and relate to the activity and concepts. ""Werbalization"
by the children helps them relate their experience. through language
cards to observations, discoveries and interpretations. Evaluative
statistical data is presently being collected on this program of study.
Pairing of handicapped and non-handicapped, again, seems to be a key\
factor in student learning of science concepts. (25)

. o
Research studies on how clder hearing impaired students learn

science are very scarce, and repres=nt an irea of much needed research.
William Grant and others, working with secondary-age students at the

Model Secondary School for the Deaf (MSSD), initiated Me Now with six
hearlng impaired students haviag low verbal skills. (24) Me Now is a
program designed for educably mentally handicapped students that consists
of four life science units; digestion and circulation; respiration and
body wastes; movemeut, support, and sensciy processes; and growth and
development. This program, developed by the Biological Sciences
Curriculum Study (BSCS), was utilized in this study for students who had
language deficiencies. Much emphasis is placed on the utilization of
materials with low verbal content aad cn learning experiences with hands-on
activity. Positive motivation i:s irherent in both the materials and
activities. In Grant's study, the Lypethenral students had a mean
chronological age of 18 years one month and a hearing loss ranging from
moderate to profound in the better ear. These students pretested below the
fifth-grade level on the Science Subtests of the Stanford Achievement
Test. The investigators were trying to find out what wognitive and affective
effect(s) the Me Now  program would have on the hearing impaired students
in the sample. All unit scores on cognltlve gains for the hearing impaired
were significant as determined by the t-test for correlated means.
Affective change for the experimental students, as measured by pre- and
posttests, generally indicated that affective change did gccur positively.
In other words, the stude-ts not only made content gains, they seemed

to be extremelz/mptivateﬂ and—"rurned-on’ by the Me Now progrim. (24)
T N
e

e

“Several studies have been made recently regarding types of science
.curricula employed with hearing impaired students. Burch and Sunal
surveyed 87 schools in the United States, pre- schocl through grade six,
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and requested copies of science curricula from each school. These
schools, at least one from each state, represented approximately 40
percent of the school-age population for the hearing impaired. (9)

The findings (as of January 1978) indicated that 55 percent of the
schools surveyed developed and used their own curricula in science;

25 percent expressed a preférence for commercially produced materials;
and 20 percent had no particular science curricula for the hearing
impaired. Henry Vlug, who studied science curricula for deaf students
grades K-12, reports that most teachers and school districts (90 percent)
write their own science curricula (51), and that nationally funded '
projects are utilized by approximately 7 percent of the respondents.
Both of these studies found that Concepts in Hcience was one of the -
more widely utilized commercial series at the K-8 levels of science
instruction.

Vlug discusses the role of ‘the Model SeconHéry Schocl for the
Deaf (MSSD)-at Gallaudet College in rélation tp MSSD's charge by
Congress to develop and disseminate curriculum materials for the deaf.
At the present time, matevials are not ready for national dissemination,
but eventually there will be a large number of courses developed. (51)
Hopefully, the MSSD project will help to fill a 'void'" at the secondary
level for students with hedring impairments.

A very nxciting recent technological innovation for the deaf is a
means to comxunicate by telephone. (1ll) By use of a teletypewriter (TTY),
_a message is printed for the deaf persori as the person on the other
end of the line talks. The hearing impaired can thus 'hear'' by reading
a print-out. As of September 1977, about 5,000 TTY installations were
located throughout the United Stsates. Computer techuology for simulation
experiments may also prove to be a very effective tool for teaching '
science to hearing handicapped. ¢Captioned films and the increased use
of wisual instructional materials and sign iuterpreters on television
have been of gr=at benefit to the hearing impaired. .

. :
3

Thus,. the research literature, though scant, indicates that the
hearing impaired student can increase: language performance, observing
and listening skills, vocabulary, the learuing of science concepts and
development of cognitive skills through direct, experiential experiences
in science. In order for this learning to occur, students must have the
opportunity of "dcing science' by hands-on, inquiry, real-life experiences
through direct physical manipulation of objects that focus attention on
patterns of interaction in physical end biological systems. The pairing
or coupling ox handicapped and non-handicapped children also seems to be
an effective means for students to learn scieuce. o

Although no national systematic effort to developcurricular materials
and delivery systems has emerged, it 1s evident that many icnovative
educators in science have adapted or modified specific . curriculum materials
for  the instruction of hearing impaired students. Others have developed
their own special strategies and materials of instruction. Unfortunately,
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there is currently no regular means to share thése developments and
learnings. There seems, then, to be a need for science teachers
and special educators to work together in setting goals, planning
strategies, and developing currlculum and materials to enrich the science
education of the hearlng impaired youth of our country.

Instruction of the Visually impaired in Science

Although there have been residential schools for the blind in the United
States since 1832, many visually impaired youth have been integrated
into regular classes since the early 1900s. Much credit for the early
and continued effdrts of educating the visually handicapped can.be given
to the American Printing House for the Blind (APH), established in 1858.
The APH has produced, among other educatlonal items, braille and talking
books, large-type books, tapes, and tactlle models for science and other
‘subJect areas. ,

- . . / . . .

The most significant changes needed for teaching visually impaired
youth are in the adaptation of educatiomal materials and equipment.
These young people do not necessarily require a special curriculum,
but materials and equipment must be adapted Since approximately 80
percent of all school-aged visually 1mpa1red youth have some wusable
(residual) V151on, Barraga feels it 1s of extreme importance to develop
maximum visual perception ability im these students. (3) This is
significant, according to Faye, because the more a child uses his vision,
the more eff1c1ent1y will he be able to function visually., (14) This
idea is also held by Barraga, who suggests that the visual sense provides
a greater quantity and a more refined quality of information in a shorter
period of time than does any other sense, and therefore is the mediator
hetween all other sensory information. (4) Barraga's studies show that
when there is sufficient light'td provide contrast between objects or to
vermit motion to be seen, thererts potential for the child to use this
visual information in meanlngful ways. (3) ’ '

Published literature on techniques of teaching science to .the visually
haudicapped dates back at least to the 1920s, but research studies are
few, especially for secondary-age students.

Frank L. Franks, in a series of three articles entitled "Educational,
Materials Developmaut in Primary Science" indicates that "although the-
highly visual nature of concept-related activities in the science curriculum
at the primary level is iﬁcreasing for the sighted child, the percentage
of activities which can be performed by the blind students is decreasing.’
(15, 16, 17) An attempt/ to counter this widening gap, conceptualized in
terms of a laboratory fdr young blind students, is to introduce basic

....... .. science-.concepts—earlier—and-more—effectively than-has—been—possible—in-the
past. Tactile components have been developed and are now available to enable
' teachers of young v1sua11y impaired students to initiate introductory '
science laboratories. Components include: a simple, pull- apart cell;
insect identification kit;' dial thermometer instructional unit; linear
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measurement unit: and a set of simple machines imcluding a lever, wheel
and ‘axle, an inclined plane, and a pulley. Franks, prerimenting with
67 visually handicapped, students classified as tactile learners in‘-
grades 2 to 4, reports that the students as. a group were: able to
discriminate textures and to utilize them in locating and identifying
the layers or a pull-apart cell model. Ability of-the students as a
group to perform the essential manipulation tasks ‘of taking apart and
putting toge;her cell parts also was confirmed. (17) .

Two SCIS units, "Interaction and Systems' and "Subsystems and
Variables,' were adapted for visually impaired students, to determine
the development of manipulative skills in these chlldren (47) These
materials, also designated ASMB (Adapting Science Materials for the Blind)
were designed to be used in mainstreamed classes so that visually
impaired students cotld "do science" and be exposed to the same concepLg
and activities as their sighted. peers. The objectives of Struve's study,-
aimed at upper elementary-age visually impaired studeénts, were to determine
manipulative skills of experimental students and also to 1nvest1gate the
relationship between manipulative skills and progress on the content,
" process; and loglcal thinking objectives of ASMB. Experimental and
control groups of visually handicapped were selected, with the mean age
0% the control subjects 11.9 years and the experimental, 14.9 years.
Both groups had a mean assigned grade level of sixth grade. The. experi-
mental group consisted of eight print readers, five braille readers, and
one child who read neither. Control subjects (who were in 12 different
schools) took part in various sclence programs, most of which were
book-oriented. The manlpulatlve skills measured in this experlment
included pouring, filtering, and organizing a group of objects. After
a 13 one-hour weekly science program, the experimental group scored -
significantly ‘higher than the control subjects on content, process,
logical thinking, and manipulative aspects of adapted SCIS units. The
investigators concluded that using science materials to perform
investigations allowed students to practitce mdnlpulatlve skills and
resulted Ln lmprovements in these skills. (47)

Linn and Thier utilized ASMB materials with visuilly impaired children
in a residential school. (36) They based their study on the work of
Jean Piaget who, in his theory of child development, stressed the
importance of the continual interaction of the individual with the
environment in the development of loglcal reasoning. (40) It was
noted by Plaget that blind children, possibly because of their lack
of comparable experlence with objects, fall behind 51ghted children
in the development of logical reasoning. Linn and Thier wanted to find .
out whether providing additional experiences with objects would aid
in the logical-reasoning development of blind children. A number of
SCIS activities were adapted for use with' visually impaired children. and
were tected by classroom teachers of the ‘visually impaired with small
‘student groups of four to six in a residential school. Three types of
evaluation were used: manipulative measures (pouring, filtering, and
- keeping track of obJects), concrete measures (descrlblng the env1ronment

2]
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of an organism, constructing a histogram); and process measures .
(interpreting experiments). The materials were also tested with sighted
children. Limn and Thier observed that wvisually impaired children spent
more time exploring than did-sighted children;. that low-ability students
had lower scores than above-average students on pretests, and that beth
low-ability and above-average students made SLgnlflcant gains in
manipulative and concrete measures. The greatest gains occurred for
above-average students when they studied the second ASMB unit. (36)

An innovative extension of SCIS-ASMB was nationally field tested
during 1977-78. (33) This pilot program, knowa as Scicnce Activities
for the Visually Impaired (SAVI), seeks t¢ deveisp a series of modules
designed to make concrete experiences in sci=nce available to visually
impaired children from ages 9 to 12 years. Evaluation of the pilot
program is presently being undertaiten. '

It is very difiigult for blind students to learn measurement concepts
in science because of their inability to read standard measurement devices.
Frank L. Franks conducted a study in which sevéral sets of seventh-,eighth-,
and ninth-grade science fextbooks, in print and braille, were examined to
ideutify the basic measu.,ement concepis presentell and the instruments used
tn illustrate tkem. (i8) The equipment used by students to demonstrate
selected measurem¢nt. coencepts included: a thermometer, a ruler (in ¢
inches awd centimeters), balances, weights, graduates and other measure-
ment containers, and blocks of equal volumes with different weights.
Franks concluded that 86 percent of t!* measurements and simple experiments
tested were successfully performed by the blind students. With the
addition of tactile surfaces allowing students to read dials with their
finzers, the. students gﬁlned‘a better understandlng of the propertles of
matter.

Dorothy Tombaugh has been successfully mainstreaming blind students
in her classes for a number of years. In her book, Biology for the Blind,
Tombaugh ewphasizes that '"the selection of lab partners for the blind
student is one of the most important items in ensuring student success
in biology." (49, 50) Variations in laboratory procedure are described so

that the visually impaired student may participate fully in biology and '"see"
what science rea:ly 1s.

Persons with severe visual handicaps have long been aided by braillé
printed on special paper, braille typewriters for students, large-pr¥int
manuscripts, taliing (tape-recorded) books, and more recently by the
invention of the "talking calculator." This calculator produces a
talking display and rapresents a major breakthrough in technology for
the physically and neurologically handicapped. (44) Visually impaired
individuals also have access to tactile (raiéed) print models and

_graph;-c—b—depend ing —cm—the_d egree—o. £ visual— ana Hrment.

Mueller reporis other devices that have. resulted from research and
planning, including reading machines which convert visual materials to
tactile, such as the-Optacon and Argonne Braille Translation and
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Storage machines. (39) ‘Also he suggests additional work on Closed

. Circuit TV units which enlarge images to a size which persons with

poor vision can see. One final innovation is a device which converts
print to speech and is named after its inventor, Raymond Kurzweil. (32)
The Kurzweil Reading Machine converts ordinary printed materials
“including typed letters, books, and memoranda in.a wide variety of typed:
"styles to comprehen51ble synthetic sPeech

The literature indicates that the visually impaired student, when
given the opportunity of '"doing science'" by direct hands-onm, inquiry-based,
real-life experiences through direct manlpulatlon of objects, can
conceptualize as well as s1ghted peers. Also, visually handicapped
students seem to be able to develop cognitive skills through direct
experiential sensory experiences in all areas of science. The key
to teaching the visually impaired student-in science seems to be ada t1ng
and modifying materials and equlpment--coupled of course, with .
enthusiastic science instructors who desire the visually 1mpa1red student
to realize- the relevance of science to their everyday lives. It *should
be noted, however, that laboratory work takes more time and explanation -
than w1tn sighted students.

. G
Pairing of blind and sighted students seems to be particularly
impportant in.the laboratory, where peer interaction can facilitate
safe practices in handling of equipment and chemicals, observation of
chemical change, description of microscopic observations, graphing,
_quantitative measurement, and so forth. Working as teams, visually impaired
gtudents can-play an important role in interpreting experiments. Dlind
students depend heaviiy on verbal 1nput--they do not have. ‘both 51ght and
sound which other studénts have. : oo~
14

More empirical studies need to be done concerning the functioning of
~older visually impaired students. Also, research is badly needed that
relates both to laboratory safety and to adaptations of equipment
and procedures for blind students.

Instruction of thé Orthopedically Impaired

There is a total lack of empiricai research on how to teach science to the
orthopedically impaired. This situation may exist because of the

" extreme ‘heterogeneity of the.conditions of this group of students.
Technology has been devised,; in many cases, for one single individual.
Another problem is that of "finding" orthopedically handicapped youth.

The AAAS committee of the Office of Opportunities in Soienoe states that
"many orthopedically handicapped children are in hospital schools where
‘there seems to be no records of the academic program available and many

are in schools for multiply handicapped children where the bright ones are
Tost amongst all the others.f ¢D) \ :

An example of adaptlng a 1eoson on magnets for a spastic child with
- no conttol of his limbs is discussed by Hoyt (30): :



A magnet can be'taped ‘to the arm or leg. Another student
“w can bring objects_in contact with the magnets. The child

should be able to feel and see which objects interact with

the magnet and which ch do not. 1In this way, the spastic child

is involved in the decision making and dlscovery that is the

major emphaeis of this lesson.
Teaming handlcapped and non-handicapped again seems to benefit both
members of the team, and the class in genmeral. Since the orthopedically
handicapped youth is generally not affected in’ the manner in which '
he or she learns, adjustments are physical rather than educational.
Attention is directed toward aids in mobility, communication, and
environmental control. - Equipment such as specially designed lab
tables, ceiling projectors, and automatic page turners give students
the opportunity to function 1ndependent1y Debbie Swazuk refers to
the recent invention.of-an arm-raising device to. help-a biology student
with muscular dystrophy. (48) John Paulton inventéd this device; which
allows the student to raise his arm to pour liquids by using his
fingers to operate a switch. Rick Hoyt, born with cerebral palsy, is
virtually nonverbal and physically ‘helpless. As reported by Lauffer
and Woodworth in separate articles, Rick, now 16 years of age and

-~

6f normal intelligence, is part of a regular classroom, thanks to the
relentless efforts of his parents and an engineer who '"cared.' (34, 53)
The engineer, from Tufts*University, and his eagineering class designed
the "Tufts Interactivé Communicator" (TIC) to enable Rick to communicate.

. Rick expresses himself with this electronic device by spelling out words

and numbers on a 'moving sign" display. This is accomplished by a light
which scans columns of letters and numbers. As Rick watches he selects
the letter or number he desires and by "hitting" a switch with a pointer
attached to his head, a display is printed out. -As a result, communication
and .intelligence have been unlocked from a previously trapped mind. '

° There is a definite need for research on teaching science to youth
who have crippling 1mpalrments. As these young neople continue to enter
the "mainstream," it is apparent ‘that many understanding, innovative
science instructors, aided by resource teachers and by students, will
need to provide assistance. Sy

Summary and Recommendations

This review has attempted to give practioners of science and science
education an overview of the state-of-the-art of teaching science to
physically handicapped youth. It is evident throughout this research
that physically handicapped children can learn to understand science
concepts and can develop higher levels of reasoning skills, afforded

_appropriate opportunity.,  They need direct, experiential, sensory

éxperiences in science. Investlgators repeatedly express the nece551ty
of "doing science'" by hands-on, inquiry-based, real-life experiences.
Modifying existing curricula, strategies of 1nstructlon, and equipment,
aided by technologv, can give the handicapped youngster direct access
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to science, so that cach individual can investigate science in a manner
best suited to his or her individual style of learning. It would appear
that pairing of handicapped with non-handicapped students results in
learning by both. - '

We need research studies that prov1de SPEleLC help for people
who want to teach science to the handicapped. Much of what individual
teachers have learned has not been written up or described in sufficient
detail to give guidance. i/Early exposure to science may help to prevent
the cumulative deficit in concept development from which so many handi-
capped suffer.

Legislation has mnndated that we give quality educatlon to handi-
capped students, but lmpltmtntatlon can only occur with the enthusiastic
support of us all.

Recommendations for future directions in research and for making
access to careers in science for the handicapped more possible can

‘best be summarized by an ekxeerpt from the position statement .adopted

at the 1978 National Science Teachers Association conference, '"Science
Eaucation for the Handicapped." (29)

Science courses should be an integral part of the education

of all handicapped students from kindergarten through high
school. The teacher who teaches science to the physically
handicapped must possess a strong, comprehensive science
background Outstanding science teachers UtlllZlnb multi-
sensory instructional techniques and laboratory-centered
programs are able to effectively teach physically handicapped
students in regular classes. Physically handicapped students
should receive comprchensive exposure to the various fields

of science. Aspects of the .science curriculuin shodld include
process, content, and career education with CmphaSlS placed

on carly childhood and clementary programs as well as middle/
junior 'high school and secondary.science. - The instructional
strategies, techniques, and procedures found most effective
with the physically handizapped in. science are also most cffec-,
tive with the non-handicapped. A grcat need exists to"dis
seminate science cducational information about materials,
fechniques, conferences, workshops, etc. to regular and

special education tcachers.
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Computers in Science Teaching:
Teday and Tomorrow

By

Karl L. Zinn
"The Center for Research on
Learning and’Teaching
109 E. Madison
Ann Arbor, MI 48109

This article should help prepare the Science teacher for a changing
technology, which will dramatically affect tools for teaching and learning
in all subjects, but especially the sciences. It first suggests why it
is important to look ahead to try to anticipate the impact of computers,
and then discusses what contribution research makes to that process. The
. next sectlon prov1des an overview of approaches to computers in science
education. - Lastly, the article attempts to map out the technology and
explore its impact on science education.

WHY WE MUST LOOK AHEAD
It is difficult to summarize '"'what research says to the teacher" about

computers in science education in the middle of 1978. Though a number
of studies on computers in teaching have bken reported in the last 15
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"or 20 years, virtually all of these usé a technology or approach which
is now obsolete. For example, in all previous classroom experimentation,
computer time has been valued more highly than student time; this is no
longer valid given the development of hand-held learning aids and personal
computers. , (No one is much concerned if a pocket radio, tape recorder,
or calculatﬂr stands idle when its owner or primary user is doing other
things.) The same technology and marketing strategy that put such ‘
products into homes will put aids to science educaztion into the hands
of learners, in the home if not in the classroom.

The bue}ness of education is information processing, not just

eggrage/and transmission. Thus, tﬁe computer, being a processor of
_——information, is a much more significant tool for science education than

are audio tapes, slides, film, video tapes, or other media for information
storage and transmission. Together with computers these media become
highly significant in education.- Educators need to recognize the
pervasiveness of computing in all aspects of life, particularly those
areas touched on by sc1ence education, while at the same time not

exaggerating the computer's rdle in the solution of educational problems.

e

As'computer costs drop to something comparable to books and lab
equipment, decisions to purchase equipment and assign computer-related
activities will be made on the basis of whatever is considered essential
to the study of a science.. Add-on computer facilities will be tested,
evaluated, and adopted in the same way that a chemistry lab idea or
'mlcroscope exercise has in the past been tested and introduced.

Acceptance of computers'will probably be accelerated because of the
availability of inexpensive computers in the home and the wider exposure
of parents to computers in business. Hobbyist activity with. computers,
which is growing rapidly, will further contribute to a broad base of
experience supporting computers in science education.

Trial use of computing in science education has been based on
expensive equipment of rather limited scope. Obviously, one cannot make
- simple extrapolations from experiences with equipment and procedures, which
led us to consider computer efficiency more important than learner
convenience. Most research ‘on computer-assisted inmstruction (CAI)
,used systems which have been made obsolete by a revolution-in micro-
= electronicsz-. Restrictive terminals and slow.data rates provided only a
" _small window on the capabilities of computer aids to learning. New
research will be done in a context which is different in qualitative
as well’as quantitative ways. (16) : :

Computing equipment will be available in much larger numbers. . - —"
" Science education will enjoy the use of 1,000 times more personal
° ’ computers than the timesharing termlnals now operating. Many of these
. personal devices will have a communicating option so that they can be
connected by telephone with timesharing computers and with other personal
computers directly. N
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Computing equipment will also be-much™T more re5pon51ve . The design
of perscnal computers makés possible more rapid data rates, and this
facilitates graphics and sound and other modes of communication between
the compiter program and the user.

Personal control of computing equipment'will lead to greatly -
increased use in education. Systems will be personalized for convenience,
and will gain certain intangible characteristics as a result of being:
owned and controlled by one individual.

Computing ‘will be common in everyday life.” Not only will people
know about computers and their ‘uses, . but access to timesharing systems
and single-user machines will be common for personal use. Home
entertainment and budget planning are’ certain to be among the applications;
educatlon and information retrieval appllcatlons are likely, too, 'if:
'personal computers can be couwpled with the large but inexpensive
storage capabilities of videodiscs or their equivalent. \

Anticipation of Impacts
f‘ B

Anticipating future capabilities and ‘discontinuities is important. What
will be the impacts of new technologies on education? Interviews,
scenario generation, and interpretive modelling shed some light on what
makes a good application of new technologies. A list of some of the \
social implications for planners ‘to copsider is given below." '

”

Impact on the learner: -What will be the ‘impact of microcomputers
and video information systems as. tools for student learning? What new
intellectual skills will students need:in order to use the new technolog1es7
. Which.skills will become more important because of the new technologies?
How will attitudes change regarding: technology employed, topics studied,
knowledge in general, sources of information, interactapd with peers,
and so on? ! ’ :

-~

ImEact on the teacher What will be the 1mpact of satellite and
optical fibre communications on accesd to current information and
resource people7 What_ changes in the role of the teacher will be
appropriate to the new technolog1es7 How will these changes be different
in various levels and Kinds of institutions? What will be the impact
of improved access to excellent lectures on standards fcr rducational
materials, including live 1ectures as well as packaged r. -~ -rials? How
will lmproved access to good 1nformatlon affect the role of educational
institutions in society? '

Imggct on the learnlng community: ~ Will community centers assume
more of the delivery of educdtion, not only through communlty colleges
but in.regional centers of public school systems7 S .

£ The major directions of new.technology in education are shaped . by
Téconomic, social, and political factors. However, the benefits of such

I
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ckrnges can be enhanced through careful attention to desirable teacher
rolius, improved student preparation, and more humane applications of
technology. Furthermore, if planners can successfully anticipate

negative side effects of technology, they will help reduce the undesirable
impacts--for example, on values, on social experiences, and throughout a
11%etime of learning. ‘ : .

?

Qualitative Changes

N

Initial uses of microcomputers are simply extensions of what .has been .
successful with a timesharing system. Simulations become more available

to students, and easier for them to modify.

Dramatically lower costs will cause rethinking about what it is
useful to do with computers. Considef the impact of readily used word-
pracessing systems on student projects, grading, job seeking, and
other aspects of. student life. Increased student research has been
facilitated at the University of Michigan, for example, and not just in
computer science and computer engineering. Lab instrumentation -and
complex computation aids have been implemented for chemistry, biology,
biochemistry, and ‘biophysics (medicine). Information handling and

‘analycis is common in chemical engineering, economics, and psychology.

Aiready these capabilities are being adapted and extended to all levels

of educartion.

4

Many of these applications are self-justifying; teachers and others
making decisions about how to use resources need only see the positive
changes in curriculum brof:;ght chout through computer assistance. For
some subjects, computing equipment will be acquired just as other
equipment is purchased for laboratories or recommended for student _
purchase. However, some. of the changes will he so dramatic as to require
more careful attention by curriculum panels, technical experts, and
social scientists.. o 3

.. The implications of personal computing for science education will
be dramatic, even to the extent of changing some of the objectives,
as well as.the means, of science teaching.--

A shift in the responsibility for learning will come about, in part
as a ra2sult of improved access to information and information processing.
Authurs and course designers will set general guidelines, confident that
students . will find considerable assistance in computer processing of '
texts or models, as well as through improved learning skills apart from .
computers. But what skills need to be improved, and what new skills will
be required? ‘ '

As computing becomes more available and personalized, it becomes
increasingly useful to the:student as a 'scholar. For by using the
computer as a scholarly tool, the student-moves more easily into a
community of scholars and learners.

The teacher‘s advantage over the student in terms of knowledge and

skills (the result of many more years of study and direct contact with

N
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" others expert in the discipline) will be reduced. Students will have access:to
more information directly than 'has been possible with book formats for

typical learners. Computer aids will assist where study skills are

lacking, and even sharpen those skills and promote new ones. How will the
roles of teacher and student .be altered? '

One of the predicted outcomes which maay find exciting is more
creative work by.students: experiments aided by computer, models of process
and theory, animations; "and 'simply more and better writing. As witn
other new developments, present college learning activities will move

"down into high school, and some high school activities will move to the
intermediate level. However, there are new approaches developing at

. the lower levels because of the amazing zccessibility of personal
computers. : R -

SOURCES OF INFORMATION

~In addition to the regular 'science educatien journals, and until they
' give" suff1c1ent attention to the uew techuvlogies, look to -some popular
publlcatlons on computers and education. For example, Calculators/
Computers Magazine carries sample applications, hints for teachers,
and sometimes full copies of programs. Creative Computing publishes
drticles on uses in education as well as other applications of interest
to the science student and teacher. Peoples Computers Magazine {soon to
become Recreational Computing’} includes writing on_social®implications as
well as applications. . ' e

A

© : e

_ For a time, conferences will be an important source of information,,
regional~as well as national. In the last two years the major conferences
with sessions on personal computers and education have been associated
with the National Computer Conference ‘(Persgnal Computer Festlval), the
West Coast Computer Ealre and the Personal Computer Lonference (on the
East Coast)_ , _ » . -

In the near future, publishers of textbooks and other materials will
be providing help. .Educulture of W.C. Brown has materials almost ;ready;
-Cybervision is building a library. of elementary science and math exercises;
McGraw-Hill is experlmentlng with dellvery of blology materlals by .
videodisc and: computer. B

Eventually the best information will come from the committees,
meetings, and publications of professxonal associations, a situatien whlch
will be brought about all the’more quickly if profesﬁlonals begin asking

. their orgenizations for assistancs and advice.

APPROACHES .TO COMPUTER USE e ® '
Considerable varlety characterlzes the uses of computing to aid teaching
and learning. The brief descriptions given in this section were selected

\
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- of computing and informatiom processing will accelerate 1nterest in

to indjcate scope and trends rather than to sumwarize what is most

usual or accepted. Comprehensive sources for examples of computers .in
scierce education may be found among the references. (5,9,11,19,20, 23)
Many other sources of 1nformatlon are listed in Zinn' s general gu1de. (25)

Levels of Instruction

Computer facilities can be adapted to various purposes and modes of
communication. People of all ages can interact with computers for fun

and for education. For example children:in elementary school and
preschool~programs _can._give directions to_ alcomputer_by pointing to

some. part of .a display generated by the computer, and then observe

the results which appear on the\screen or are spoken by :peech svnthes1zers
or other audio output equipment \\Computers may free teachers .to give S
more sophisticated help to qtudenbs because drill work and some -kinds of -

review can be carried out by the machlne. Innovative projects are \

helping students explore computer- simulated environments (1) and write

'computer generated animations and musrc (13)

Uses at the secondary level appear ‘to be dominated by" simulation and

’problem solving activities in sciences and mathematics. However,

automated information processing’ is just beginning-to be used to support
all kinds of learning activities in the sciences, . 1nclud1ng writing
activities, plannlng, and review. Increasing concern for general knowledge
&
use -of computlng in science 1nstruct10n.

‘The post- secondary level (including mllltary and 1ndustr1al tra1n1ng
as well as college and university education) exhibits the. full range
of uses, The ''se of computers to teach diagnostic and analytic methods
in technology d engineering appllcatlons has been especially effective.

" Computer aids 2 also moving into community education:through special

exhlblts, non-credit courses, and special services in libraries and science
museums. (12) Programs -which simulate changing conditions in the -
environment and lead to predictions of «different kinds of outcomes’
depending on decisions help the public gain better understandlng of how
variables may be related. no . ‘

K}

Areas of Science Teaching ' : , . e

N - -

The broad range of computer applications can be shown by selecting some
of the less likely uses in six areas of teaching: math, physics,
chemistry, astronomy, biology, geology, and psychology. The few instances
given here represént only a small part of all the computer alds to
instruction in sC¢ences

Students in. ‘a Junlor high school mathematlcs course have used a
simple computer language (LOGO). to generate a mathematlcal system M .
building from primitivé elements. (10) . A somewhat more applied approach oL
is suitable, for science toprcs (7 8) Students build systems both :
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physical and'conceptual, and explore their operation.

Problem solutions and proof procedures in physics are offered
college students in a dialogue mode with interactive graphics. (2)
Students appear to get more help, and do report more satlsfactlon with
the instruction.

In a laBoratory course in chemistry, preparation for use of titration
equipment is aided by earlier conceptual experience, which is provided
economically to individual students using the graphic animation
capabilities of the'QLATO System (21) and the Commodore PET.(4)

Students create orbits of planets and. mOthnS of stars (these result
-ufrom varying assumptions about gravitation) on a computer-controlled ink
plotter or display screen.

Expected character1st1cs of life forms surv1v1ng under various o
s1tuatlons (heat, moisture, vegetation, etc.) are- entered by blology
students and checked against a model stored in the computer. " The
computer prompts with key questhnS. . S

.

A simulated laboratory provides research experlence for under-
graduate students in psychology, with the computer used as data generator.
The value of the simulation-depends on the activity of a classroom »
research community and the effectiveness of the teacher as a consultant. @lS)
Some. of the same benefits are obsetved in hlgh school blology labora -
tories. (22)
Preparation for professions accounts for as much computer use in
training and education as elsewhere. For example, management games are
very popular in natural resources, simulated cases are used in medical
sciences; and design exercises ‘depending on computer assistance are
common in englneerlng and . arch1tecture.

One of the more unusual applications i¢ computer assistance for
advanced seminars which bring together students from’ different o -
specialties and sometimes different institutions for study of a problem
area, such as, energy conservatlon, regional planning, « technology"
assessment. (24) Each participant uses computer assi.ctapce '
for organizing information from dlverse and’ sometimes unfamiliar areas,
communicating with others in the seminar (in betweén face-to- face
meetlngs), and draftlng working papers for review by the group. The
organizers of' the’ computer-based component of the seminar keep the group
fOCUSEd on the problem without minimizing important background material,
and ‘call on rrsource persons who might not otherwise have time to
participate except.for thé convenience offered by computer-assisted
conferencing (for-example, respondlng in writing at any time of day,
any day of the week, and from any user.terminal which can connect to the
computer or network handling the cenference).

LAl
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Computer Role

9

. butomatic information processing serves a great variety of functions
in the instructional process. Six roles for the computer are described
- below: delivery system, assessment tool; management aid; development
system; study ald and research tool.

As'a'delivery system, -the computer extends considerably the
capability of teaching machines, partlcularly in the areas of control
(the learner can be required to type an answer that exactly matches
the key before the machine proceeds) and complexity (the instructional
procedure may be too complex to ask learners to find their way through
‘a programmed booklet, or to calculating their index of performance

s before branching to an- appropriate level of remediation). Many users
¢ may share one large machlne, hut inexpensive, single-user -systems are
used for delivery of instruction, too. Portable computers costing
-less’ than $1,000 are used to run through. terminology drills or provide
step by step checks on a complex. problem- solv1ng procedure

4

v ‘As an assessment toolJ the computer has been programmed to prov1de a
“Standardized testing situation, accumulate data about individual items
as ‘well as total scores, and return interpreted results immediately. to
the examinees. Not only can test items be made very complex (for example,
-to test diagnostic skills of medical practitioners), but fresh items can

" be selected from large-files or generated according to set procedures.
Such depth in an item pool is important in flexlble scheduling of
parallel forms of an examination according to the needs of the student;
-it. permits repetition of those parts of"a test for. which the student's
performance -indicated more study was needed. Although this application

, may be ' too costly for publlc schools now, it should soon be affordable

b - with equlpment and software systems under development. :

- -

As a management aid, .computers are important’to all participants in
the instructional process. The teacher of a large class finds assistance
in scoring tests, keeping records, ‘checking on which studeuts need what
kind of work, and computing grades The manager of a self- instruction
group uses the computer to obtain summary records. showing where each - =
student stands. A student (or teacher) calls upon computer files and -
procedures to.generate a test at random but according to set rules.

- : (One problem teachers have in individually-paced instruction relates to
giving ‘tests as student work is completed; without disclosing test items
to other students. A computer system can generate a unique test for
‘every individual, but according to common spec1f1catlons of content and
difficulty.) Computer-based information systems are used ‘by students and

arare teachers to locate instructional.,materials in varlous media accord1ng to
‘ needs, interest, and llmltatlons of time and budget R =

As a development system, the computer finds an increasing role in"
organizing new knowledge in technical areas. New tools are needed in
" a-systematic approach to instruction: New programs .are constantly being
. . [ . . .
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developed. Often these can be shared through participation in a central
computing system. An author using the PLATO System, for example, can
obtain remote assistance and some training from consultants or other
authors connected to the central computer from elsewhere in the country.
Materials developed at one location are stored centrally, and thus are
1mmed1ately available (with permission.of the author) to any other
location. Groups of users exchange information among themselves, using
the computer system and network for commun.cation and program storage.

As a study aid, computers are serving a wide range of ‘assistance
from calculation to information retrieval; Students in the sciences
carry about pocket computers (programmable calculators) just as their
predecessors did slide rules. The more ‘expensive models (over $350)
exceed the computing power andiStorage capacity of the first stored-

‘.program computers in the late’ l940s and early 1950s. N

As a tool for research on 1nstructlon, automat1c information: e

.process1ng is helpful in presenting information under controlled

- conditions, collecting accurate data; and controlling complex research
" strategies. Some of the benefits to students are more immediate than

is typical of -other psychological research on instructi For”example,
when Gordon Pask ‘developed a computer-based instrument for research on
styles of learning, he also created a laboratory in which students
improve their learning and problem-solving.skills for use apart from

computer-based study environments.- (17) Such direct assistance to learners

‘inay prove to be the most significant contrlbutlon of .computers to . s

educatlon

Sources of Funds for’Acquisition of'Systems

Schools.” PurChases of microcomputer systems in 1arge numbers by schools
are not likely, at least not without the kind. of federal subsidy set up
for audiovisual equipment. However,'lf computer use, does lessen .student
absenteeism (and there is evidence:of this), then some internal. fundlng

’-mlght be available from state funding typlcally lost.

The situation in science dlfferk somewhat from other areas in that
schools are accustomed to providing equlpment for laboratories, and
computers will have a key role in laboratory instrumentation., Perhaps
the equipment and programming will be purchased via learning resource
centers (or media centers) which must serve the special needs of students.

e

Homes. Videodiscs and microcomputers will be purchased by families to

the extent people expect to expand entertdinment opportunities in o
interesting ways. In addition, marketing of home equipment will ‘emphasize
its (potential) use as’ an automated tutor, or, more realistically, a
rewmediation aid. Famllles who hope to encourage science careers for

"~ their children are 1likely to purchase computers, perhaps expecting

schools to help direct their useful application. -

l09
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Calculators and related learning aids have gotten into education
mostly through sales to individual parents and educators, and only
rarely through sales to imstitutions. Vendors realize they need to go
to the people who will spend money (albeit in small amounts), without
the delays of budgeting and bidding which frustrate reasonable sales
efforts with schools. Consumer education products such as Dataman have
been much more successful in. the marketplace (with much lower development
cost) than have elaborate curriculum packages for calculators developed
by universities for schools at great expensge to. the manufacturer. -

Government In recent hearlngs before a House subcommittee looking at
computérs and education, one witness suggested spending $100 million per
year for five years to get computers into schools for a comprehensive
llteracy.program. (6) The: goal would be to teach the_use of computers
in the middle school through appllcatlon programs and programming

‘exercises.. The program would put .ten user stations on a micro to serve

each 30- student classroom for computer studies. Skills learned would
cont1nue to be used through high school for math and science classes.

There is no question that a large federal investment would, brlng

down the cost of equipment and support the installation of educhtional

systems and teacher training. -Curricula ‘would follow, since the presence
of ‘both equipment and trained teachers would establish .a market attractive

W

.to publishers. In fact all three components would advance together.

. Others have questioned the costs required.“’Perhaps whatever is

. accomplished with a $1500 personal computer today (keyboard, display, -

processor,'memory, and removable meé€mory medium) could be accomplished
as well with a programmable calculator at one-fifth the cost. Perhaps

"somé components are not needed at all (for example, removable storage),
‘and the cost ,¢could be cut to. less than one-tenth of a typical home

computer. Also, in.planning minimum ‘equipment requirements for a middle:
school course, one must consider, the predicted drop in cost for the
$1500 personal computer. - In any case, science instruction in schools

will need a variety of computing resources. Some students will be

exploring ‘career opportunities; many will make good use of computers

~as tools in the study of science; and all students should develop a

general understandlng and skill (fundamental literacy) regarding computers

and their uses.

v

- ' ~ ANTICIPATING THE TECHNOLOGY

Markets for MicrocomEuters "

k]

The numbers and kinds of mlcrocomputers sold ta hobbylsts and professionals
will have cons1derable impact- on availability of microcomputers useful *
in educational settings. The important considerations relate to market
size (and product cost), sophistication requlred of the.user, and functlons
prov1ded for educatlon ) , . -
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" The hobbyist computer market is relative&y small eompared with _
the potential home market, JUSC as the hi fi hobbyist market is small o
compared with stereo for home use.' The hobbyist ‘machine is characterized
by kits, construction, maintenance, modification, and ind1v1duality
Users need to be technically capable in electronics; indeed, many

. engage in the computing activity to_learn about electronics and computers.

2
oA,

4

. 5 PS¥iie - :
The home or personal ‘computer comes ready to start, and is easy to.
operate; maintenance is readily available; and plug-in enhancemerts are °
easily accomplished. Fox example, one might plug in au alternate key-
board for chemical notation; or one might add new "softwane on a chip
for laboratory calculations, or a module for word processi and report
preparation. The home market may be viewed as an extension ef home |
entertainment: systems or of calculators. Current marketing emphasizes
educational uses (drills, skills'practice, and computation aids) as well
as entertainment. Most homes will have more thﬁn one home computer, ~
although most machines - wlll be jincorporated wlthin,other equipment '
(telev1sions typewriters, and audio. systems) S ‘. _ . L, S
The ”professional” market accommodates the higher costs and complex1ty
of the hobbyist machineg, but the user has stricter requirements for '
reliability and maintenance than does the home user. These users are
"-initially counted. among hobbyists, but usually have more interest in small.
business applications than science. : !

2 .
-
-

Education sales may be quite small for some tlme, at least in terms
of orders from institutiocas, but many of. the personél>and professional
. users will acquire machines for educational purposes

Cost and Availability “of Microdomputers

The. low cost of micrdelectronics is beiqg'created by the advancing
‘technology-and by a wide opén field for new applications.. Personal
computers will benefit from these cost reductions. Already micro- '
.computers offer users more rellable portable, and convenlent computing
than was possible previously, and. they promise ,publishers ‘a much’ larger.
market for programs and related materials. The extent to which computers
become‘available in homes, in large numbers for educational purposes -
depends on marketing considepations. What will establish' a perceived need?
How will individuals becofie educated to use the machines? What kinds. of
uses will prevall in the. home? The extents to which 1nexpensive (home)
machines are acquired by educational institutions raises additional
questions of suitability, acceptance, funding, and curriculum.

Hobbyists had purchased about 100,000 microcomputers by January
1978. Many now have twp or more machlnes, but tHe percentage of
- hobbyists in the general population~is not likely to increase,much. .
Therefore, sales to the hobbyist market will probably level off -in a few o
_years. - i P

‘,____,‘——~/'.~
__/_4_——/-—'—"’/_ .
Personal computers directed at non-specialists by Commodore, Apple,
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and Radio Shack (with Compucolor, Bally, Exidy, Interact and others
now going into production) were being produced at’ a rate of about
10,000 per month in 1978, with the rate_Stilllincreasing to catch
up with demand. Combined production will be .well over 20,000 per month
near the end of 1978. (Other companies, such as Texas Instruments, are
expected to have announced products before the beginning of 1979.)

This rapid growth may level off, or it may lead to 5 or 10 million
_personal computers 'in homes by the end of 1980, and'continue through the
decade until there are two or more machines in more than 60 miilion homes.
Vendors will commit themselves to new developments to the extent they
perceive the market to be ready. One of the crucial factors is the
education of potential users. If consumers only expect machines to set
the alarm clock and select among tracks on an audio or video recording,
then only those kinds of products will be built. If a significant
fraction of potential purchasers see the home computer as an intellectual
tool, however, then some successful. companies will be offering general-
purpose machines for handling information and procedures.

Inexpensive, .random access memory for computers as well as calculators
will be small, non-volatile and convenient. ‘The. "solid state software"
chip contalnlng 5,000 (read-ouly) instructions for the . TI58 and 59 has
been on the market for some time;. read-write modules may soon be.
competltlvely priced also. Electrochromic displays will make alphabetlc
characters and then' graphics practical on hand-held devices. Graphic
input and speech output already are low-cost options on $1000 micro-.
computers. One $50 learning aid (Texas lnstruments' "Speak & Spell')
includes plug- 1n vocabulary modules of over 200 words each for about
$15 each.

- Over three million hand-held, calculator-like devices for math
learning (Wise Owl, Quiz Kid, Little Professor, Dataman, Mathemagician)
have been sold. Products being developed offer alphabetics, graphics
and audio which can be used for practice of science skills and reasoning
as %vell as math.

Potential consumer interest in more varied video games is one route
" to pitting mlcrocqmputers in nearly all households. Most of the present
market entries (Vldeobraln Atari, RCA, Odyssey II, Interact and Fairchild)
cannot be used”for other than preprogrammed games. (Bally Arcade
provides a simple programming_langqage on a game-like cartridge, and
others are planning addition of such capability.): Purchases of such
$300 devices will be motivated by games use but rationalized by educational
use. The low cost of processor logic and memory will eticourage more
capable enHancements, and the marketing strategy may be to involve the
user further in activities like programming--for ekample, to personalize
a game or household aid. Another attractive development with educational
implications will be semi-intelligent automated ''tutors' which help a
child play some entertaining game more effectively. Mauy non-computer
games have considerable potential as learnlng exercises, and some were
even developed from learnrne\act1v1t1es (such as '"Blackbox'" introduced
in 1978 by Parker Brothers)
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Portable electronic typewriters with memory and editing facility
(for example, the TI 765 portable terminal with bubble memory at $2800)
suggest another route by which personal computers could move into hcmes.
Already, dramatic reductions in memory typewriter prices have been
.announced for the business market. Prices will continue to drop (or
features increase on equipw.ut selling for about the same price) over
the next five years. Perhaps even sooner than that a major manufacturer
of products for the home will introduce a personal typewriter-computer
which can be adapted for educational uses in the home. Electronic
printing devices cost less to produce and maintain than electromechanical
ones (as with electronic .and electromechan1ca1 calculators). - Although
the print quality does not now measure up to business correspondence
standards, some inexpensive printing components ate already satisfactory
for home use and the technology is still improving.
R ]
Entertainment systems will make extensive use of microprocessors
to handle digitally stored audio, to control music retrieval systems,
;and to offer games. Consumer access. to the computer inside may become
available with audio products as well as with TV sets. Even if the
producers do not make much computing available, science students will
be interested in how the equipment works.

Computer Programs and Related Materials

"CAI courseware." Development of computer-assisted instruction materials
will continue to be expensive. Costs will increase to  accommodate the
1ntegrat10n of other mgdia, such as videodiscs. Some costs may decrease,
for example, those associated with providing a large file of still
and moving visuals under program control.

)

.

Some software deVelopment projects for science education have been
moderately successful. “However, the costs of courseware development
need to be spread out over large numbers of copies and/or users.
Inexpensive delivery systems including low-cost, read-only software make
that practical. When the number of viewers of a long and interactive
videodisc course (number of copies times number of uses per copy) is
" greater than 5000, the cost per hour is estimated to be less than 50 cents;
at 250,000 viewings it ‘would be, less than one cent. Such favorable
distribution of development costs has already been achieved with
microcomputer educational products in the ‘hand calculator format. Dataman
and similar math drill products are produced in 1arge numbers, and the
development cost per copy sold is negligible. The TI58 calculator uses
plug-in software, and some institutions have had custom software
produced for them at reasonable cost ($25 to $40 per chip) for relatively
small orders (from 250 to 1000). These same economies of scale can be
applied to science curriculum.

Commerc1a1 dlstrlbutlon of CAI sof tware will soon be profitable for
-those publlshers who effectively respond to problems which education

authorities and government agencies really want to solve. Success
depends on working within an established software and hardware environment.
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Very few people have experience with the technology for 1979 and
following. Because of qualitative changes from earlier computers, it
is difficult to extrapolate from experiences with earlier designs and
applications. Research based on the technology used during the'l9605
and early 70s does’ not provide information about how students and
'teacherg will use and respond to innovations now being introduced.

Probably the role of local science teachers in materials development
for computers will increase. Some people have felt that good .curriculum
materials-are not going to be written by local teachers. Others warned
that computer delivery of instruction (CAI) threatened to take over too
much responsibility for instruct ion, but that a secondary role for
computers ("adjunct') could be more acceptable. Use of personal-sized
computers in science education, perhaps with application modules provided
by the computer vendor or a publiisher, facilitates that adjunct role.
Furthermore, science teachers will be likely to own their own machines,
and thereby more likely to produce some of their own materials.

Teaching and administrative aids using micros. 1In order to reach
effectively into the education market, new products will give more
attention to facilitating teacher activities instead.of just student
activities. For example, personal computers will be offered which really
help with records, and with assembling reports in various formats and on
successive occasions. In general, teacher needs will be considered.
Effective marketing will provide sound answers to these questions:

What role do teachers have in further development of materials they put
to use in the classroom? What kinds of inservice training are provided?
How do training experiences carry over into school activities and
environment? )

v

Learning aids combining videodisc and computer. Microcomputers are
available now in large numbers (exceeding, 300,000 at the end of 1978)

and some are being used in interesting ways in education. Video displays
often are incorporated into computer systems and sometimes used for
playback of video materials. Cassette players are being sold for home

use and some are being used in education. Cassettes can be distributed

by mail and from library shelves. However, some experts expect significant
qualitative differences in education through use of videodisc and micro-
computer in combinafion. (3)

An important result of the combination of videodisc and computer is
that very large (digital) data files can be taken from videodisc for
use in the microcomputer. This marriage will make a large curriculum
file available economically on a small machine. Furthefmore, video
and sound files (stills, motion, and slow motion) now are economically
and reliably available .to CAI programs. Personal computers designed for
applications such as text.handlingiand information retrieval' become
more ‘interesting; with direct access to large video files. '

Video becomes more interesting if it is highly interactive and.
' . . .
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under the control of the learner. (18) A teacher can readily retrieve
and further index selections from a large library of "film clips."

A student can explore the encyclopedia of a subject under study with
equipment that is always at hand and readily used,-and content can be
reorganized and personallzed to meet local and 1nd1v1dual needs. At a
minimum, the student can use the record of his or her previous paths’
through the material in deciding what branches to take. Materials
delivered to students via videodisc in -an introductory course can be

‘more advanced, since the author can assume the student readily obtains

definitions, references, and other supporting materials by’ suitable
keypresses.  Furthermore, information can be collected readily by

3

. which the teacher reviews learning progress and the developer identifies

program difficulties. Also, procedures can be applied which identify
kinds of learning activity and can be used by. teachers and counselors
to advise students on.effective approaches to learning, and perhaps
used by students directly to improve their own study skills.

Lonsiderations. of Standardization

,/

Standardlzatlon in the computer area faces the same problem experienced.
with video broadcast and tape. Decisions made too soon precluded later
developments which would have provided better quality of pictures. And
yet the delay in introduction of standards resulted in production of
many tapes that ‘could not be played on what became the common systems.
Similarly, standards for microcomputers and v1deod1scs will be determined
in the marketplace. But this is not to say that science teachers and
administrators should not pay careful attention to the emergence of
standards and to some related’ considerations. . The major concern revolves
around the availability. of effective instructional computer. programs '
for a variety of maclines.

Various standards are belng established for personal computer
components. The| market for small machines used in business and
professional work w111 sort out.these standards. The education market
generally has much too widely distributed a base for decision making
to influence favorably the determination of standards. However, state
and federal programs of support for instructional computlng can change-
that pattern. ;

|
. The importadt issues of’ standards for videodiscs used w1th micro-
computers are to |be found at the interface of the two technologies where
digital,; video, and other analogue signals need to move across industry

"lines if Lnteractlve systems are to. be assembled by educators. The

microcomputer takgs dlgltal information (program and data) out of the
video signal on its way| to the display' (television monitor). Whether this

‘signal is compos1te video or radio frequency (RF) - is important to the

quality of the dié play. | It will not be. long before all new consumer
televksion sets will lnclude ‘an external input for composite video. .
Presently the home computers designed to use a home TV as the display

have to put out arl RF signal with accompanying loss of quality.




Alphanumerics and computer-generated graphics can be mixed on -the ,video -
‘display. Control of color and animations will be convenient. The
microprocessor can set and sense (remote) controls on both the player

and the -monitor or any: supplemental equipment. A position sensor
attached to the monitor picks up pointer signals for input to the
microprocessor. The program can thereby recognize the approximate screen
location to which the user points. These are some of the functional
capabilities which are important to efficient and effective interaction
between the learner and the base of information and procedures stored

lq the computer.

Market Incentives for Development of Quali:y Programming

Program deve10pment is time consuming and expen51ve. Large markets are
" necessary to justify this development cost. Some distributors of CAL
ceurseWare have been successful. In most instances, however, the price
‘could be paid by the purchasing institution only because of federal
subsidy, efg.,‘Title I funds.

Calculator manufacturers have had difficulty marketing to educational
institutions. The buying cycle in the education market can take two
to five years. Some who developed programs to go with hand calculators
in the schools found their products obsolete by the time the schools’
could complete the ‘decision process. However, inexpensive educational
products (such as Little Professor and: Dataman)scag be sold directly
to-parents and teachers for use in homes and perhaps some schools.
Tt should be useful to consider that other 'instances of technology moved..
. into the schools through acceptance in homes: teleVlSIOn, typewriters,
calculators, etc. Acceptance-of capable computets ¥u the home will
contribute to.increased uses in science education in the schools. The
question is how to get the potential for science- -related activities into
the "home computers. ' '

 Publishers cannot be expected to contribute much until they have
stronger incentives to move into new technologies. Costs of development
are very great; new skills and procedures are needed and R&D budgets v
" in publishing.are very low. . ' 4

- The people who author instructional programs for use on computers do
not have much en00uragement yet either because royalty percentages
are small and returns on time spent are risky. Better institutional
rewards should be established as well.

The establishment of centers for research and development on the
media and processes, and for development and evaluation of materials,
- could be an important contribution to incentives. In. such centers,
‘authors find assistance; publlshers are encouraged by potentially- -greater
- markets. A linkage between new technological developments and their
‘applications could be established. - -
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A national cléaringhouse would distribute information, validate
program materials, disseminate guidelines for production, and recommend
standards. ’ L. B

Marketing would benefit from more centralized decisions in
"education, or more state or federal influence over decisions as
accomplished through funding for addition of certain technology.' Public
funds could be allocated for equipment, programs, and materials to meet:
special needs--including those of mainstreaming the ﬁandicapped, or
reporting for accountability, or -improving basic .skills in science and
mathematics. ' _ -
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